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SUMMARY

This report describes an experimental investigetion of the equivalence
relationship and the related theory for 1lifting forces proposed by tran-
sonic slender-body theory. The models chosen for this study are a flat,
winglike, elliptic cone-cylinder and its equivelent body of revolution,

a clrcular cone-cylinder. It is determined that the flows about the two
models are closely related in the menner predicted by the theory, the
relatlonship persisting over a Mach number range of 0.92 to 1.05. TFurther,
it is shown that the 1lifting forces on the elliptic cone-cylinder vary
linearly only over the smgll angle-of-attack range of spproximately +1°
and that the serodynamic loading at sonic speed compares favorably with
Jones! slender-wing theory.

The results of the investigation suggest that at transonic speeds and
gt small angles of attack the calculation of all aserodynamic charscteris-
tilcs of slender, three-dimensional shapes can be made by use of transonic
slender-body theory when the pressures on the equivalent body of revolu-
tion are lknown, either by experiment, or by an adequate nonlinear theory.
From transonic slender-body theory it is deduced that the slenderness
required for this applicstion is the same as that required for the
successful application of the transonic asrea rule.

INTRODUCTION

The basic equations governing transonic flows with small perturbations
have been well established. Techniques have been developed for solving the
resulting nonlinear problem for the case of two-dimensional flows. The
three~dimensional problem, however, has proven more formidable. Although
solutions of the axisymmetric case have been developed, such as Yoshihara's
cone-cylinder solution (ref. 1), and Oswatitsch's and Keune's approximasie
solutions for bodies of revolution (ref. 2), efforts to solve the more
general problem of a Three-dimensional shape, such as & wing-body combina-
tion, have led thus far only to the development of theories which relate
solutions. An empirically developed relation is Whitcomb'!'s transonic area
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rule (ref. 3), which near the speed of sound equates the drag rise of a "
slender shape to the drag rise of a body of revolution hsving the same -
streamwise area distribution. Some theoretical justification for the -
application of this rule has been given by Harder and Klunker (ref. I). ¥
Oswatitsch independently quoted his equivalence rule of transonic flow - .
(refs. 5 and 6), which relates the flow aboiit bodies with the same stream- :
wise area distribution. Heaslet and Spreiter (ref. 7) have presented a
formal transonic slender-body theory which relates the flow about a slender,
three-dimensional object to the flow about its equivalent body. These
theories extend the concepts of linearized slender-body theory to tran- -
sonic speeds. The basic nonlinearity of the problem still remains, how-
ever, since the transonic solution to the flow about the equivalent body
must still be determined.

It is the purpose of the present report to present the results of an
experimental study of the transonic flow about a flat, winglike, elliptic
cone-cylinder and its equivelent body of revolution, a circular cone-
cylinder, with a view toward determining the spplicability of transonic
slender-body theory. The experimental date are studied first to see if
the theoretically predicted equivalence relation actually occurs, second,
to see if the range of applicability of the theory can be defined, and
third, to see if the related theory for the lifting forces is applicable.

To obtain the necessary experimental data for these purposes, the local

pressures on the surface of an elliptic cone-cylinder end & circular cone- e
cylinder were meagsured in a transonic wind tunnel. These models were )
chosen for the investigstion because their favorsble pressure gradients o=
would keep viscous effects to a minimum, Further, a slenderness condition 2
was glso fulfilled. The elliptic corne model was designed to simulate a
slender, planar wing. The resulting value for the transonic similarity
parameter, A(t/1)2/2, was 0.78 which, it was concluded, would place the
elliptic cone model in the family of triangular plan-form wings for which
the transonic area rule is applicable (ref. 8).

SYMBOLS

A aspect ratio
: PP

Cp pressure coefficient, a, _
ACp difference in pressure coefficient across wing, sz - Cpu
h half-tunnel height
1 length of conical part of models
m . tangent of the semiapex angle of the wing plan form _ ¥

My free-stream Mach number
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Peo

Xy¥a2

statlic pressure

free-stream static preasure
free-stream dynamic pressure, % pwqwz
body radius

wing span

streamwise area distribution

maximum wing thickness

free-stream velocity

longitudinal, lateral, and normal coordinste system
angle of attack, deg

gin~t %

free-stream density

perturbation potential
Subscripts

two-dimensional

body

lower surface

due to thickness

upper surface

wing

derivative with respect to x, y, or z

due to angle of attack
Superscript

conditions at the sonic point
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APPARATUS

The experimental study was made in the Ames 2- by 2-foot transonie
wind tunnel, which is of the closed-circuit; variable~pressure type. The
wind tunnel is fitted with a flexible nozzle followed by a ventilated
test section of 6-percent open area which permits continuous choke-free
opersation from O to l.4 Mach number. For a more detailed description of
the tunnel, see reference 9. Condensation effects are rendered negligible
by maintaining the air in the tunnel at a specific humidity of less than
0.0003 pound of water per pound of air.

Dimensional detalls of the models are shown in figure 1. Both models
were constructed of steel.

The triangular portion of the plan form of the elliptic cone-cylinder
is of aspect ratio 2 and thickness ratio 6 percent. Cross sections of the
elliptic cone-cylinder model teken normal to the =x axis or flight direc-
tion at zero angle of attack are all ellipses with the minor axis egqusl to
6 percent of the major axis. The afterportion of the model was constructed
50 as to preserve a constant cross-sectional area distribution as the wing
changed from an elliptic to a circular cross sectlon for attachment to the
wind-tunnel support sting. This afterbody design was expected to reduce
flow disturbances that might propagate upstream at high subsonic Mach
numbers.

The circular cone mcdel was constructed to have the same longltudinal
axres dlstrlbution as the elliptic cone model,, This required that the cone
half-angle be 6° 591!. The afterportion of the model is a circular cyllnder
with a constant cross-sectional syrea distribution.

Surface pressures were determined on bath models by means of 0.016~
inch-diameter orifices located on one side of each model at the positions
listed in figure 1. Orifices were placed in only one surface of the
elliptic cone-~cylinder in order to simplify the design and construction
of the model. As Indicated in figure 1, however, additional orifices were
provided in the opposite side of both the circular and elliptic cone models
to provide a check on the angle-of-attack settings. All orifices led
directly to internally located stainless~steel tubes which emerged from
the interior of the models at the rear. The tubes were connected to a
multiple-tube manometer utilizing tetrabromoethane (specific gravity 2.97)
as the measuring fluid.

Support for the models in the test section of the wind tunnel was
provided by a l-inch-diameter sting as shown in figure 2. The models
blocked 0.25 percent of the test-section cross~sectionsl area.
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TESTS

The test program consisted of the measurement of the pressure distri-
bution on the circular and =lliptic cone models at zero angle of attack,
the measurement of the pressure distribution on the elliptic cone when at
angle of abtack, and a special test consisting of the measurement of the
pressure distribution on the circular cone model &t zero angle of attack
in a larger transonic wind tunnel, the Ames 1k~foot transonic wind tunnel.
This latter test was performed to evaluate the magnitude and extent of
possible wall interference in the 2- by 2-foot transonic wind tunnel.

Since a complete set of orifices was present in only one surface of
the elliptic cone-cylinder, it was necessary, in order that complete data
might be obtained, to test at both positive and negative angles of attack.
Pressures on the model surface were recorded by photographing the manometer.
Two photographe of the manometer were teken at each test condition, one
when it was judged the pressures had reached equilibrium and the other
approximately one minute later. When the data were reduced it was dis-
covered that in the majority of the comparisons the two photographs were
identical. For the cases where differences occurred, the second of the
two reedings was used to reduce the dats.

Determination of the free-stream Mach number in the wind-tunnel test
section was made by (1) assuming isentropic flow between the tumnel reser-
voir and test section and (2) measuring the total pressure in the reservoir
and the static pressure in the plenum chamber that surrounds the porous-
walled test section. It has previously been determined (ref. 9) that the
static pressure in the plenum chamber is equal to the empty tunnel free-
stream static pressure at the model location. The Reynolds number of the
test was held constant at 2.4x10%, based upon the 5.50-inch length of the
conical part of the models.

REDUCTION AND PRECISION OF DATA

The static pressures measured at the orifices on the surface of the
models were reduced to standerd pressure-coefficient form, . The angles
of attack at which the data are presented have been corrected for the
elsstic deflection of the model and support sting.

Certain random errors of measurement exist which determine the preci-
sion or repeatability of the data. An analysis of the precision of the
Mach number, angle of attack, and pressure coefficient has been made and
the random uncertainties at three representative Mach number are listed
below:
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Mw = 0.8 Mo = 1.0 | My = 1.2

Mo | *0.003 +0.004 +0.002
a *,1 .1 .1
Cp *,002 +.002 +.002

The experimentel data In the transonic range were influenced by wind-
tunnel-wall interference. An evaluation and discussion of the interference
on the circular cone-cylinder at zero angle of sttack is given in the
appendix. Weall interference at angle of attack was not evaluated. Even
though this study shows interference to be present, it is assumed, for
reasons stated in the appendix, that the compsrisons made to evaluate the
equivalence relgtionship are velid.

SUMMARY OF TRANSONIC SLENDER-BODY THEORY

The following section describes, in a simple mammer, the transonic
slender-body theory that is under experimental investigation herein.
Perhaps the simplest method of presenting the theory, the spproximstions
involved, and the expected limitations is first to describe the closely
related and well-developed theory of slender wing-body combinetions at
subsonic and supersonic speeds as developed by Jones (ref. 10), Ward
(ref. 11), and Hesslet and Lomax (ref. 12).

If the assumption is made that the body, wing, or wing-body combina-
tion under consideration is slender in the streamwise direction, and if
attention is focused on the flow field in the viecinity of the configura-
tion, the perturbation potential is given by the relation

=9, +f(x) (1)
The above equation states that the perturbation potential about a slender
three-dimensiongl object flying at either subsonic or supersonic speeds
is approximeted in the vicinity of the configuration by the sum of two
potential fields. The first term, @, is the solution to the two-
dimensionel Leplace equation and the boundary conditions in transverse
planes, while the second term, f£(x), is dependent solely upon the stream-~
wise gradient of area of the configuration. _

The basic ideas of the slender-body approximation delineated above
hgve been applied to the nonlinear transonic flow equation by Harder and
Klunker (ref. L), Oswatitsch and Keune (refs. 5 and 6), and Heaslet and
Spreiter (ref. 7). Harder and Klunker derived the expression

¢ =9, +alx) (2)

which is of the same form as given in equation (1), but with the importent
difference that the unknown function g(x) now replaces the previously
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known f(x). One of the properties of g(x), identical to that of f(x),
is that it depends solely upon the streamwise area distribution, and thus
will be the same for & slender wing and iits equivalent body of revolution.

Oswatitsch's equivalence rule of transonic flow may be stated as
follows: "The solution for transonic flow around s thin, nonlifting, low-
aspect-ratio wing can be obtained from that for a nonlifting body of revo-
Jution having the same longitudinal distribution of cross-sectionsl. ares
by superposing the difference between the two-dimensional harmonic cross-
flow solutions for the two bodies." It is to be noted that the equivalence
rule and the equations above actuslly express the same fundamental concept.

A complete analysis of slender-body theory at transonic speeds has
been given by Heaslet and Spreiter (ref. 7). Equation (2) is also obtained
from their formal anslysis, but with important additionsl information. It
is shown that the relative error made in neglecting the next highest term
in the analysis is of order (ts3/1%). Furthermore, the slender-wing theory
of Jones is shown to be the appllicable theory for computing lifting forces,
with the additional condition that the angle of attack must be small. This
condition is caused by a coupling between the effects of thickness and
angle of gttack which becomes pronounced when the angle of attack is the
order of magnitude of the thickness ratio.

As to the degree of slenderness required for the spplication of the
theoretical relations described above, it can be reasoned that since the
transonic area rule is also predicted by equation (2), any limitation to
the gpplication of the area rule would also reflect a limitation to the
applicgtion of the gbove theory. Limitations to the transonic area rule
heve been defined experimentally in a few cases (e.g., refs. 8 and 13).
Hence, it can be concluded that these limitations also apply to further
applications of the relstion expressed by equation (2).

The expected usefulness of equation (2) lies in its application to
slender three-dimensional shapes flying at transonic speeds. If the
equation is written twice, once for the slender shspe (say, a wing),
once for the equivalent body, and then one subltracted from the other,
there is obtained

%=¢2wt+cp2wa-<p23+q>3 (3)

where o is shown as having contributions from both the thickness and
the angle of attack of the wing. The first three terms on the right of

the equation are two-dimensional crossflow potentials and can be obtained
from solutions of Laplace's equation, ¢, + ¢,, = O. The last term on the

right is the full transonic solution for the body and must be obtained
from a solution of the transonic small-disturbance equation or from experi-
ment. Since the purpose of the present report is to investigate experimen-
tally the equivalence relationship, it is pertinent to write equation (3)
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in terms of pressure coefficients. The derivation of the expression for
pressure coefficient from the potential equation is given for planar
shepes in reference 7. The expression is

_ .23 Sxx(x) . S(x) , [8x(x)}®
Oy = By T 3 %A T Tan B a LS () ()

where the remaining two-dimensionel potential term g% P is obtalned
as noted before, and S(x) is the streamwise area distribution of the
equivalent body. The pressure coefficient, Cp_ , refers to the values at
the surface of the equivalent body. It is seen, therefore, that if the

pressure coefficient on a slender body is known at transonic speeds, the
pressure coefficient and, correspondingly, the aerodynamic forces can be

determined on any slender object that has the same streamwise distribution

of area as that of the body.

To specialize equation (4) to the models under investigation, we
write for the longitudinal area distribution of the elliptic cone,

S(x) = TZE (5)

where m is the tangent of the plan-form semiapex angle, 1 is the length
of the conical portion of the model, end t dis the maximum thickness.

The crossflow potential, ¢_, , 1s determined for the nonlifting planar case
from the expression W .

-mx
vay = [ a2 Zu(x,y)imnl ()24 e, (6)
mx

where g% Zu 1s the surface slope of the elliptic cone given by

=) t
3% Zu = 2Z(m?zéfy2)l’2 (7)

Eveluetion of equation (6) in the 2z = O plane yields for the crossflow
potential

_ Uoolmx ,  mx
%= T 3 (8)

Combining equations (5) and (8) in equation (4), one obtains for the
surface pressure coefficient on the elliptic cone
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CPW = CPB - %(l‘l‘ln % (9)

For our elliptic cone, for which m = 1/2, and /21 = 0.03, equation (9)
reduces to

Cpy; = Cpg - 0.0364 (10)

where CPB is obtalned on the surface of the equivalent circular cone-~
cylinder body of revolution which has & half-angle of 6059‘.

A more exact representation of the zero-lift pressures on the elliptic
cone can be cbtained by satisfying the boundary conditions for the determi-
nation of the crossflow potential at the surface of the elliptic cone
instead of in the 2z = 0 plane. Such a crossflow solution for the elliptic
cone is presented in reference 1k for linearized slender-body theory. This
solution can be utilized for the present purposes, and, after some reduc~
tion, there is obtained

t bm(t/21) t m2(t/21)2
CPW = CEB-+H<E__ ln ———JL———--m(?i)-+ /

21 (mrt/21) m2sin2n+(£/21 ) 2cos3n

(11)

where 1 = sin-ly/mx. Along the center line, where ¥y = Q, this more
exact expression predicts for the elliptic cone of m = 1/2, t/21 = 0.03,

CPW = CPB - 0.0372 (12)

as contrasted to the previous expression (10) for the planar case. Thus,
it is seen that the difference along the center line is small. At the
leading edge, however, where y = mx, equation (11) predicts a partial
stagnation pressure of magnitude

CPW = CPB + 0.212 (13)

which the plansr boundary condition case does not predict, since egua-
tion (10) applies everywhere on the surface.

RESULTS AND DISCUSSION

The experimental data obtained during the course of the investigation
are presented in two forms. A large portion of the data is tabulated and
can be found in table I. Selected portions of these data are subsegquently
presented in graphical form to evaluate various phases of the transonic

slender-body theory described previously. The data at zero angle of attack
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are examined to see if the equivalence relationship proposed by the theory
is valid at sonic speed. The data at Mach numbers other than 1 are studied
to determine the range of speeds about Mep = 1.0 for which the equivalence
relationship holds, Further, the lifting pressures on the elliptic cone
model are examined and compared with existing theories for the angle-of~
attack case,

Flow Equivelence at Sonic Speed

From the previcus discussion of the transonic slender-body theory it
is to be expected that s marked similsrity should exist between the pres-
sure coefficients observed on the two test models at sonic speed. In
fact, equation (10) from the previous section indicates that the dats
should differ by e fixed constant. It is also possible to predict the
pressure coefficient on the elliptic cone by adding this same constant to
the data from the circulaxr cone-cylinder, calling the resultant values the
Yequivalence prediction" of the pressures on the elliptic cone. Figure 3
shows the experimental pressure distribution on the two test models for
Mo = 1L.0. The data for the elliptic cone are shown for the center line
where y/mx = 0, Also included in the figure i1s the equivalence predic-
tion derived as described above. Inspection of the figure shows remark-
able agreement between the elliptic cone data and the "prediction" from
the theory, thus indicating the velidity of the equivalence relationship.
It can be noted that the only basic difference in the two curves sppears
Just upstream of the cone shoulder. At first thought, one might attribute
this difference to viscous effects, but this is not necesserily the case.
It must also be remenmbered that the basic theory being used (i.e., tran-
sonic slender-body theory) is applicaeble only to smooth slender shapes.
The theory is therefore suspect at the cone shoulder, since at this loca-
tion the body is not smooth.

Figure 4 compares the equivalence predictions with the data in planes
normsl to the free-stream direction at three representative values of x/1.
Two different predictions are shown. One, lebeled "plasnar approximetion,”
is identical to the form described in reference 7 (i.e., eq. (10) herein),
while the other, labeled "exact boundary condition,” is obtained by satis-
fying the boundary conditions on the surface of the elliptic cone instead
of in the 2z = O plane (eq. (11)). The two solutions differ sppreciably
only in the vicinity of the edge. Inspection of the figure illustrates
again that the agreement between the slender-body prediction and the pres-
sure coefficient on the elliptic cone is excellent except in the vieinity
of the shoulder where the disagreement is now seen to exbtend out to the
edge of the elliptic cone. It is suspected that the major reason for dis-
agreement in this region lies in slenderness restrictions basic to the
derivation of the theory. Not only is it possible that the elements of
the elliptic cone extend too far from the axis of symmetry for the theory
to apply with complete uniformity, but, as mentioned before, the shoulder
of the elliptic cone-cylinder has an unsmooth character.
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Mach Number Range of Equivalence

Since transonic slender-body theory, in essence, is sn extension to
transonic speeds of the well-known linearized slender-body theory of Ward
and Jones, it is to be expected that the equivalence of the flows, demon-
strated for a Mach number of 1 in the previous sectlon, will extend into
the subsonic and supersonic speed ranges. In fact, the controlling parem-
eter, as we move awaey from a Mach number of 1, is the slenderness of the
obJject under considerstion. This can be seen more clearly from an exsmi-
nation of the order of the error term in the expressions for the potential
ebout the wing as given in reference 7. In the linearized case the error
term has the form (Me>-1)0[ (t83/1%)in s8], whereas in the sonic case the
form is O[ (t2e*/1%)in s]. Since the span, s, is raised to a higher pover
in the expression for sonic speed, the slenderness requirement becomes
more restrictive as the Mach number increases or decreases from a value
of L. Thus, it i1s to be expected that the equivalence predictions of the
present investigation will agree best with the elliptic cone data for a
small range of Mach numbers about sonic speed.

This expected behavior is shown in figure 5 which presents typical
results from a few selected points on the elliptic cone surface. At a
value of x/1 equal to 0.7 and at values of y/mx equal to O and 0.67,
good agreement between the elliptic cone data and the equivalence-rule
prediction extends over a Mach number range of approximstely 0.92 to
1.05. Outside this range, the equivalence prediction deviates from the
elliptic cone data, the difference increasing as the Mach number becomes
further removed from 1. At other points further forward on the elliptie
cone, the same general behavior 1s appesrent, although perhaps not so pro-
nounced. At the rear of the elliptic cone, however, there 1s little
agreement between the dsta and the equivalence prediction, a situation
gimilar to that encountered near the cone shoulder when the dats were com-
pared with the equivalence prediction at sonic speed in the preceding
sectlion of this report. In genersl, the comparisons of figure 5 show
that the elliptic cone model of this investigation, with a value of
A(+/1)1/® equal to 0.78, is sufficlently slender for the equivalence
relationship to hold over a Mach mmber range of approximately 0.92 to
1.05. Above this Mach number range, more accurate predictions of the
surface pressures should be cobtained from Van Dyke's second-order slender-
body theory (ref. 14). It is to be noted in figure 5 that the second-
order-theory predictions, while not in exact agreement with the experi-
mental results, are somewhat superior to those of the transonic slender-

body theory.
Lifting Pressures at Transonic Speeds

The discussion of transonic slender-body theory included in e
previous section does not specify a relationship between the 1ifting
forces on a slender wing and its equivalent body. Instead, it is polinted
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out that the lifting forces on the wing are. to be estimated by use of the
well-known slender-wing theory of Jones (ref. 10), which depicts the flow
as that sbout a translating flat plate in an incompressible flow field.
However, the restriction derived by the analysis given in reference 7 is
that slender-wing theory applles only if thé angle of attack of the wing
is small compared with the thickness ratio.

Since slender-wing theory predlcts a linear variation of pressure
coefficient with angle of attack, figure 6 has been prepared to show the
experimental angle-of-attack range over which a linear reletionship holds.
The pressure coefficlents at a few selected points on the elliptic cone
surface are plotted as a function of angle of attack at a Mach number of
1. Included in the figure is the calculated variation of surface pressure
coefficient with angle of attack as obtained from slender-wing theory.
Inspection of the figure shows that near zerc angle of attack, the range
of linear variation is quite small, being on the order of a few degrees.
At positive angles of attack (pressures were measured on the upper sur-
face of the elliptic cone), an abrupt change in the variation of pressure
coefflcient with angle of sttack occurs at o = 1/2O to 1°. At negative
angles, the deviation from linearity is less abrupt, and occurs slowly,
making it difficult to call ocut a definite value of angle of attack where
the linear variation breasks down. In general, the deviation becomes
noticeable at a = -2° or -3°., Since the serodynsmic loading is given by
the difference in pressure across the wing surface, it can be concluded,
that for the present elliptic cone, the range of epplicebility of slender-
wing theory at sonic speed is restricted to an angle-of-attack range of
approximately +1°9, The effective wing thickness for this angle-of-attack
range, consldered In terms of the surface slope change swept out by the
y/mx = O generator of the elliptic cone surface, can be represented by a
slope of 0.0175, compared with the actual slope of the elliptic cone sur-
face of 0.03. Therefore, at sonic speed, the angle-of-attack range over
which the slender-wing theory is strictly applicable appears to be smaller
than the thickness ratio of the wing.

In order to illustrate further the applicability of slender-wing
theory to the aerodynemic loading at sonlic speed on the elliptic cone,
figure 7 has been prepared to show the variation of d@ﬁCP)/dm at zero
angle of attack. Part (a) of the figure shows the variastion along the
line of symmetry (y/mx = O) of the elliptic cone, while part (b) illus-
trates the variatlion along the span at three longitudinal positions.
Included in the figure are the predictions of slender-wing theory. The
agreement between experiment and theory, in general, is good, particularly
in the spanwise direction. Again, the most significent difference occurs
in the vicinity of the elliptic cone shoulder, the location where the great-
est differences between theory and experiment have been noted previously.

In the section on the behavior of the surface pressures on the ellip-
tlc cone at zero angle of attack, it was demonstrated that the data
deviated from the equivalence prediction at Mach mmbers above and below
a Mach number of 1. The slendermess requirement for the application of
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transonic slender-body theory was thus shown to become more restrictive
as the free-stream velocity increases or decreases from sonic speed. A
similar slenderness restriction is expected to apply for the aerodynamic
loading when estimated by slender-wing theory.

The veriation of d(ACp)/de as a function of Mach number is shown
graphically for a few selected points on the elliptic cone surface in
figure 8. The slender-wing-theory prediction, which is invariant with
Mach number and plots as a horizontal line, 1s included. There are two
significant effects that can be noted from an examination of the figure.
First, at transonic speeds, a emall amount of wind-tunnel interference
is apparently present; note particularly the abrupt changes in the magni-
tude of the experimental loading at Mach numbers between 1.02 and 1.10.
Second, inspection of the magnitude of the experimental loading over most
of the elliptic cone surface indicates that slender-wing theory is valid
for only a small range of Mach numbers sbout sonic speed. A%t supersonic
speeds for instance, a better prediction of the aerodynamic loading cen
be made by the linear-theory celculations of reference 15 for 1lifting tri-
angular wings. The predicted variation of d(ACp)/dw, which now depends
upon the Mach rumber, has also been ineluded in figure 8. The supersonic
data from the elliptic cone are in betber agreement with this more exact
theory at the higher test Mach numbers.

An additional and very interesting prediction can also be made
regarding the change of serodynamic loading with Masch number in the
immediate vicinity of sonic speed by applying the concept of the "Mach
gumber freeze" (see, e.g., ref. 16, p. 275) to the lifting pressures.
The term "Mach nuwber freeze" means the invariance of local Mach number
with free-stream Mach mumber. The rule for the freezing of the local
Mach number in terms of the rate of change of pressure coefficient with
Mach number is given by

4ac L o] .
(ﬁ o T 7L T 7L Py a o (1%)

Application to the serodynamic loading gives

d(ACp) _ dCp, i dCp,,
M~ "M | Mo

d(Acp)] 2 < 3 ) _ .2

[—m My=1.0 R sz Py Mo=1.0 S+l (ACP)MxFl-O

[Leow)] .. 2 [2e)] (15)
dM da | a=o 7+1 dao. =0

My=1.0 Ms=1.0
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In order to compare this prediction with the experimental loading
observed on the elliptic cone, the rate of change of dCACp)/dm with
Mach number as given by equation (15) has been added to figure 8. The
figure shows thet the experimentel data tend to agree with the predic-~
tion on the forward portion of the cone surface, but do not agree on the
afterportion. It can be supposed that the gentle "“hump" in the value of
the experimental loading at Msch numbers Jjust below 1 is a resl free-air
phenomenon and ls a manifestatlon of the Mach number freeze, slthough it
mist be emphasized that the data are not necessarily free of wind-tunnel
wall interference. Nevertheless, the results of the sbove comparison
suggest that contrary to slender-wing theory, the rate of change of
d(ACp)/da with Mach number varies in the immediste neighborhood of sonic
speed ln the manner shown.

CONCLUDING REMARKS

In the present report, transonic slender-body theory has been
experimentally evaluated for the case of a flat, winglike, elliptic cone-
cylinder and its equivalent body of revolution, a clrculer cone-cylinder.
Emphasis has been placed upon snswering three guestions; namely, (1) does
the equivalence relationship given by transonic slender-body theory ade-
gquately relate the sctusl flows, (2) can its range of applicebility be
defined, and (3) does the related 1lifting theory adequately describe the
aerodynamic loading on the elliptic cone?

Experlimentelly, it was determined that the flow at transonlc speeds
sbout a circular cone-cylinder and an elliptic cone-cylinder &re closely
related in the manner predicted by transonic slender-body theory. For
the elliptic cone chosen for the test, wilth a value of the transonic
similarity peremeter which describes slenderness, A(t/1)1/3, equal to
0.78, the equivalence of the flows between the elliptic cone and its
equivalent body persists over a Mach number range from 0.92 to 1.05. The
preasures in the shoulder region of the model deviate somewhat from the
predictlons derived from the theory because, it is thought, of the
unsmooth character of the shoulder. The lifting forces on the elliptic
cone vary linearly only over the small esngle=of-attack range of approxi-
mately *1°, a result not inconsistent with the theory, since this angle-of-
attack range represents a thickness ratio less than the actual thickness.
Further; the serodynamic loading at sonic speed compares favorsbly with
Jones' slender-wing theory, the only significant deviations occurring
again in the shoulder region. At subsonlic and supersonic speeds, the
serodynemic losding varies sufficiently with Mach number thet slender-
wing theory no longer sppears adequate. However, at supersonic speeds,
the decrease in loading observed with incressing Mach number is well
predicted by linear theory.

The results of the present investigation suggest that at transonic
speeds and at small angles of attack the ecalculation of all sercdynsmlc
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characteristics of slender, three-dimensional shapes can be made by use
of transonic slender-body theory when the pressures on the equivalent
body are known, either by experiment, or by an adequate nonlinear theory.
From transonic slender-body theory it is deduced that the slendermess
requlred for this gpplication is the same as that required for the
successful application of the transonic area rule.

Ames Aeronautical Laborstory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Jan. T, 1958
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APPENDIX
WIND-TUNNEL INTERFERENCE AT TRANSONIC MACH NUMBERS

For the determination at transonic speeds of the general aerodynamic
forces on bodies, wings, and wing-body combinatlons, the three-dimensional
porous-walled transonic wind tunnel has been widely used and has proven to
be a valuable research tool. It is recognized, however, that interference
effects exist, generally depending upon the size of the model with respect
to the tumnel - the smeller the model, the smaller the interference effects.
Three general foxrms of interference are known to exist, (1) subsonic inter-
ference which depends upon the volume of the model, and which may become
significant.as the Mach number spproaches high subsonic values, (2) tran-
sonic interference, which depends upon the length and fineness ratio of
the model, and (3) supersonic, or wave reflection interference, caused
primarily by the presence of the attenuated reflection of the model bow
shock wave from the test-=section walls. This latter interference effect
begins at Mach numbers slightly above 1 and terminates as soon as the
reflected disturbances pass off the afterporition of the meodel.

With these considerations in mind it was deemed necessary to assess
the suitebility of the test facility for obtaining accurate data on the
test configurations of this investigation at trensonic speeds. To evelu-
ate the importance of the interference effects in the 2- by 2-~foot tran-
sonic wind tunnel the circular cone-cylinder model was also tested in a
much larger transonic tunnel, the Ames 14-foot transonic wind tunnel,
where the blockage ratioc of the model was less by a factor of nearly 50,
0.005 percent compared to 0.25 percent of the tunnel cross-sectional area.
The test setup and procedure in the li~foot tunnel were essentially
identical to those used in the 2- by 2-foot tunnel.

A comparison of the results obtained from the two test facilities 1s
given in figures 9 and 10. Figure 9 shows the pressure coefficient
obtained st a Mach number of 1 on the circular cone-cylinder model at the
two blockage ratios. Also included in the Tigure is Yoshihara's theoreti-
cal solution (ref. 1) for the circular cone-cylinder at a Mach number of 1.
(Yoshihara's results have been corrected for an error in the sign of the
squared term in the pressure coefficient.) The theoretical solution has
been adjusted by use of the transonic gsimilarity parameters for bodies of
revolution (ref. 17) from a cone half-angle of 10° as used by Yoshihara to
the present cone half-angle of 6° 59'., Inspection of the figure shows that
the level of the experimental pressure coefficients from the two test
facilities differs by as much as 14 percent, whereas the theoretical curve
hes fundementally s different shape - although the average level of the
theoretical pressure coefficient is in better agreement with the data from
the larger wind tunnel.

A further comparison between the data from the two test facilities is
shown in figure 10. Here, the pressure coefficient as measured at one of
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the orifice locations (x/1 = 0.486) is plotted as a function of Mach
number. Included in the figure is the exact theoretical pressure coeffi-
cient gt supersonic Mach numbers as interpolated from the Kopal tables
(ref. 18), and _the linearized theory pressure coefficient at subsonic
Mach numbers as given by Laitone (ref. 19). The effects shown are typi-
cal of those occurring at other locations on the cone surface. As an
additional point of interest there is included in the figure the rate of
change of pressure coefficient with Mach number, de/dMu, at a Mach number
of 1 that represents the invariance of local Mach number with free-stream
Mach number. This so-called Mach number freeze has heen discovered on
two-dimensional wings at transonic Mach numbers by other investigators
and spparently is a phenomenon basic to transonic flows in general.

Inspection of figure 10 indicates that the Mach number range where
the data from the two facilities differ and where wind-tunnel wall inter-
ference gpparently exists extends spproximately from 0.99 to 1.05. It
would eppear from consideration of the small size of the cone-cylinder
model in the larger wind tumnnel that the data shown from this facility
are essentially interference free. However, an unpublished gnalysis for
circular, porous-walled, transonic wind tunnels, similar to that given
by Berndt in reference 20 for slotted tumnels, indicates that the Mach
number error due to wall interference at sonlc speed is given by

AM -O.82(r*/h)6/7(r*/x* 2/7

Mo = 1 - AM

where M, 1is the indicated Msch mumber in the wind tumnel, h is the
half-tunnel height, and x* and r¥*¥ are the coordinates of the sonic
point on the body surface. The equation is derived for the case of van-
ishingly small model size and for a slowly varying wall permeasbility with
longitudinal distance. However, application to the present facilities
indicates that sonic free air conditions are simulgted in the wind tunnel
when the measured Mach number is 1.035 for the small facility and 1.0066
for the large facility. Figure 11 has been prepared to illustrate the
effect of this Mach number correction on the experimental data obtained
from the two test facilities. The data from both facilities at the simu-
lated sonic free air conditions now appear to be nearly in perfect sgree-
ment, except over the forward portion of the cone. Since the correction
formula developed sbove is based upon a vanishingly small model size, it
is thought that the discrepancy is due to a Mach number gradient caused
by the large size of the model in the smaller facility.

A further point of interest is to note, that even though AM for
the larger facility is small, being only 0.0066, the pressure coefficient
at the simulated sonic free air condition is some 8 percent higher than
the value at the indicated sonic speed in the wind tumnel.
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To illustrate further the presence of wind-tunnel well interference,
the series of schlieren photographs shown in figure 12 have been included.
Photographs taken at the same Mach pumber from the two test facilities
are shown one sbove the other. At a Mach number of 0.96 the shock-wave .
patterns are essentially identical. Note that the terminal shock (i.e., '
the shock weve located just aft of the cone shoulder) dces not reach sll
the way to the test-section walls of the smell facility. At higher Mach
numbers, substantial differences in the shock pattern begin to occur. It
is in this Mach number range that the measurements of pressures on the
model surface (fig. 10) begin to show significant differences between the
two facilities. Note particularly that at a Mach number of 1.0 the loca-
tion of the terminal shock is widely different; for a blockage ratio of
0.25 percent, it is located along the cylindrical portion of the model,
whereas for a blockage ratio of 0.005 percent, 1t is located downsiream -
of the model. The location of this shock pattern is believed to be :
determined primarily by the impingement of the expansion field from the
cone shoulder on the walls of the wind-tunnel test section. Although the
different shock pattern on the afterportion of the model is the only mani-
festation of wall interference at My = 1.0 that can be seen in the photo-
graphs, the pressure distribution shown in figure 9 indicates the presence :
of a strong interference field over the conicel portion of the model. In -
fact, the interference correction formula presented earlier in the appendix
suggests that schlieren pictures at My, = 1.0066 in the larger facility
and 8t My = 1.035 in the smaller facility should show similar flow fields. e
The closest availsble comparison is for M, = 1.00 in the upper row and .~
Mo = 1.04% in the lower row of the photographs of figure 12. Even this :
compaerison does not tend to show similar flow fields which further illus- "
trates the fact that the interference correction formuils developed ie not
sufficiently accurste for the model size used in the small facility. At
slightly higher supersonic Mach numbers (Mo = 1.06 and 1.10), the pairs
of schliefen photogrsphs indicate, as do the pressure coefficients shown
in figure 10, that the flow field in the vicinity of the model is : S
essentially the same in either tunnel.

In summary, the sbove compsrisons have shown that the absolute accuracy
of the pressure coefficient et transonic speeds obtained on a slender cone
at a blockage ratio of 0.25 percent is poor. It can be reasoned, however,
that since interference errors depend upon the length, volume, and fineness
ratio of the test model and are little influenced by the details of the
model cross-sectional shape (refs. 20 and 21), the relative comparisons of
pressure-coefficient data from the circular cone and the elliptic cone at
the same blockage ratio of 0.25 percent will be velid. It is with this
assumption that the data of this investigation have been presented, since
at transonic speeds the equivaslence comparlsons made are all completely
relative in nature.
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TABLE I.- EXPERIMENTAL. PRESSURE COEFFICIENTS ON SURFACE OF MODELS

Indicated Orifica mmber®
Mach
acber | 2 |2 |3 % |56 |7 [e]s [ [uf2fus[nfs]s]ly
(a) Circular cone-cylinder, 0.25-percent blockage; a = °
0.602 | 0.090 [0.0T6 [0.067 |0.058 |0.0%g |0.038 [0.024 |0.005 |-0.03% | -0.078 |-0.259 |-0.095 |-0.063 [-0.035 |-0.028 | 0.058 |0.025
ST 096 | 08 | o7 | 063 | .05 | .Ok3 | .028 | 008 ] -.032| ~.079 | -.283 | -.113 | -.068 | -.036 | ~.c16 | .061 | .ce8
.80 2100 | .08 | 076 | 068 | .08 | .obT | 032 | 22| -.030| -.080 | -.309 | -.223 | -.068 [ -.03T | -.c06| 067 .033
850 16k | o091 | 080 | 072 | L082 | om | 036 | 25| ~.025 ] -.072 | -.28 | -.2%2 | -.098 | -.037 | -.c17] om0 | .036
50 2109 | .096 | 086 | OTT | 068 | .038 | .0k3 | 025 | ~.002 ] -.0k9 | -.20k | ~. A8 | -.036 | =.022| ~.01h ] 075 | .oMs
-920 2113 | 100 | 090 | 0% | .o73 | .063 | .Ok8 | 031 | -.000 | -.03k | ~.396 | -8R | -.26e 006 | -.00T| .080| .Oh9
939 W16 | J10h | 094 | 086 | 078} 068 | .055 | 040 W12 | =017 | =269 | -.W76 | =.367 | .Ohe 2000 ] .08% | .0%6
950 121 | 209 f 100 | .092 | .08k | .OT6 | 065 | .0m 28] .00L | -.1k0 | -.B50 | -.3%2 | ~.220 «O2% | 090 | 065
K-%i 8 <227 | Jak | 106 | 098§ (092 | 085 ) 075 | .06k [ .oM5| .023 | ~a30 | -.M12 | -.326 | ~.203| .A6| .098| .0T6
989 2130 | AT | W09 | W02 | L096] 089 | o8 | JoTR2 | 053] .032 | ~.098 | -.398 | -.31k | -. -.06T| 01} .08
1.00L L3k | 222 | a2 ) L10k | 100 | o9k | 086 | JoT9 ] .063 | .oMk | -.08 | -.380 | -.298 | -.202| -.088| .10% ! .087
l.001 2hk2 | 30 ) G119 ) W11 ) L303 | 098 | 092 | L086 .0T3 057 | =072 | =361 | ~.282 | -, - L1091 .092
1.020 S50 | a3k | 22T AT | 09| 099 | 092 | 089 | LOT9| 065 | ~.056 | =37 | =270 | -.180 | -.083 | 15 .09k
1.031 d20 | W20 | 230 L220 | W220 | W15 | 205 | Jogk | .08L| .06T | -.0k2 | -.336 | -.26% | -.179 | -.080 | .119{ .106
1.0% W07 | 12| a8 | a2 | L1k [ W26 | 22 13 .095) .08 | -.026 | -.318 | -.2bk | -61 | -.075 | 219 122
1.050 099 | 102 | .10 | 203 | .201 | L0k [ J109 | 137 | 18] 208 | -.002 | - =220 | =131 [ -, 102 | .10
1.062 2100 | (00 | J100 | 200 ] L0200 | 203 b L2039 | .a0n | .099 o9k [ -002 ] -.287| -.216 | -.126 | -.0%0 | 098] .10%
1.080 .096 | .1oh | 100 | 098 | 099 | 099 | 096 | 098 | .096] .093 | .008| -.266| -.20k | -.127} -. 095 | .098
1.100 092 | oL | Lok | 088 | 093 | 09T} 0991 098] .095) .093 022 | -.2k8 | -, =129 [ - .088 | .00
1.1, 0% [ 085 | 00 | 085 | 085 | 086 | .086 | .08 08T <087 .03k | ~225 | -.167 | ~.205| -.0M9 | 0% | .088
1.200 079 | 08| 019 08 | 080} .0T9 | 080 | .083 | .ol | .08 | .039 | -.190 ] -.149 | ~.097] -.0%6] .08%0 | .08
1.299 OfT | 078 | 018 | OT8 | 078 | .0T2 | .07T3 | .080 O75 073 03T | ~oI5T| =128 | -.087 | -~.0MT} .078| .0T®
1.ho0 ot | Jorh [ 012} OO} 012 LOTL | JOT2 | LOT5 0Tz -072 Oh5 | -a229 | -,108 | - -o2| 013 | 075
(b) Clreuler cone-cylinder, 0.005-percent blockage; a = 0°
600 092 | 07T | 06T | .038 | .ok8 | .038 | .025 | o0k | -.03 | -. ~2kT | =200 -.038 | -.033} -.o7| .o37| .ce2
ST9T 4100 | .08 | .073 | .06% | .o5h | oMk | 030 | 008 | 032 | ~.0™ | -.300 | -.200 | -.060 | -.037| -8} .066| .o
.899 213 | L097 | 088 | 078 | 068 ] .058 | .okk | 025 | ~.021 | -.048 | -.227 | -.%60 | -.033 | -.28] -.000] .076| .ou3
-96% W130 | 123 | .103 087 | .OT9 | 06T } .05T | .030 00T | ~.129 | ~.bhk | =352 | -, .0l Lo | 066
.580 136 | .17 | W108 | 100 | W093 | 087 | LOTT | W06k | .ob2| .02 | -.10k | -a7] -, - - .200 [ .O76
951 Wb | 123§ W13 | L30T ]| 102 | 093 | .083 | Lok | .0%R] .030 | ~091} -.398 | -.:12 | -.223( -.082] .207| .0%%
1.00% 2% | 136 | W127 | 122 | J113 | J30T | 098] 088 | .069f .o%9 | ~.072 | -.379 | -.296 | -.198]| -. .19 | ,09T
1.008 A%9 | 2h5 | W137 | o133 ] L2120 | L1156 | J112 | L2100 082 OR | =05 | -.363| -.280 | -.182| -.066| .29} .09
1.020 138 | .130 | G123 | .12k | o219 | L1135 | W20 ) L103 091 OTh | ~0k3 | - -.263 | -.168] -.062) .12h | .11
L.032 221 | 8§ W5 | 216 | a2 | W12 | 308 | ok | .09k | 080 | -.033 | ~.328] ~.2% | -.160| -.062]| 123 .107
1.0k1 2209 | J207 ) 108 | (110 | L1209 | L2111 | J209 | 108 | .09S 009 | =023 | = =237 | =388 =~ 108 | .108
1.0% JA13 | W11 § 205 | 205 ] 208 | 206 J203 | 100 | 099} .08 | -. ~302 | ~.228 | -2k ]| -, .108| .103
1.06k 4200 | 099 | 2099 | 200 | ,100 | 108 | .096 | .09T | .096 094 | -.001 | -.286] -. 330 | ~.049] .098] .103
1.078 096 1 096 | 096 | L0956 | 096 | .096 | .096 | .096 <095 <09% 008 | -.268| -.203 | ~.225] -.0%2| .o9%]| .093
1.100 .098 | 096 | L095 [ L095 [ Jooh | O | 093 | 092 | .o | .090 | 16| -.2m| -.192 | -.320| -.053| .09k | .092

CSae figure 1 for location.
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TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -~

Continued
Inf:::m Orifice mmber®
mie [T ]e s (2 [s[e]r s[5 [w]m = ]n]s]w

(e¢) Blliptic cone~cylinder, 0.25-percent blockage; o = 0°

O3 {0.036 [0.026 [0.021 | 0,022 |0.002 [-0.003 [-0.035 |-0.056 |-0.098 }-0.055 |-0.081 |-0.026 |~0.012
W05k ¢ 039 | .030 | .02k | 023 ,003 | -.02% | -,039 | -.062 | ~.209 | -.08L [ -.04% | ~.029 | -.012
R: 037 { LO5T | o042 [ 033 ] .026 | 025 | .00k [ -.015 | -.Ob% | -.073 | =229 | ~.OT4 | <053 | -.032 | ~.Q13
901 L0867 { .063 | .08 [ .080 | .030 | .08 | .005 | -.c25 | =.033 | ~.002 | ~.172 | -.217 | -.086 | -.0b0 | ~.003
.91 069 | 0671 050 | .043 ] .032) 022 | 009 | ~.C22 | -,050 | -.092 | -.200 | -.2%3 | =209 | -.032 | -.08
G40 072 | 070 | Lok | 06| 036} 025 ) .03 | ~.006 | -.083 | -.083 | -.215 | -.285 | -.ake | -.om2 | -.002
960 WOTT | 076 1 060 | 053 | o4k | ,034 | .023 | .006 | =.02T7 | =.063 | -. -3 | ~.295 | -.135 042
.96 0% [ 084 [ 067 | L06L | 02| .Obs | L0351 . -.007 | -.0k0 | =.16% | -.189 | -.29% | -,180 { -.087
035
060

o2
070 | .06k | . JOR8 | 0o [ 028 [ .00 | ~.030 ] -.1%2 | ~.L7T [ -.18% | -.187 | -.209
1.001 089 | .090 | .073 | 068 | . 053] 06| 035 .00 -.009 ) ~138 ] ~.163 | -.169 | -.280 | ~.206
1.010 095 | 095 | JOTT | 0T | (062 056 050 | .ObO | 008 | -.001 | -.326 | ~.150 | ~,159 | ~.191 | =.205

1,023 «09%. | 204 | 090 | W08} 072 | LOS1 ] .0%3 JOhh 026 JIL | -, =133 | =180 ) =15k | ~.095
1.042 064 | 089 | 083 | 08| 088 0881 .087| .0T7} .0%5| .030 | -. =209 | =007 | =137} =.09T
1.062 W039 | 078 | 065 | 066 | o6k | .065 | .06T] .08% | .oo4 | .038 | ~.070 | -.083 | ~.087 | =.097 | ~.0MT
1.08 064 | 084 | 065 J065 | .08k | .062 | 061 | .059| .osL] .037 | -. ~075 | =080 | ~.09% | -,

1.100 056 | O7TL | 058! .O5T | .062| .060 | .062 060 [ L05h o2 | - =066 | -.069 | ~.08L | -.063
1.5 L089 | 068 | L0535 | 053] L0553 050 | 032 .092| .ok7| L0381 -. -5 | ~ome| -, -.068
1.20L. | JO4k | 037 | .0M6 | .06 | 050 | .OM6 | OBT| .Oh5| .ok2 | .03k | -, -.038 | -.039 | ~.0L8 | -.06%
1.299 JOhL § L052 [ L048 | LoW8 ] .ou9 [ .038| .ou0| .038| .o | o3| -. -.033 | ~.03h | -.038 | -.0Mg

1.h0% Qo ! .09 | .04k | .obk ] .0k3 ] .0%0 | .039 .039 .0%0 .03% | -.007T | -.009 | -.020] -.02k | -.032

Ind.‘l.c:ted. Orifice mumber®
:.:::er 16 7 18 19 20 21 22 23 2k 25 26 27 28 3
¢.601 0,032 [0.026 {0,032 (0.03% |0.003 |~0.003 |0.000 [0.006 }~0.034 |-0.0k2 |-0.038 {~0.025 |0.1k7 |-0.020
TR +03k | 030 [ .036 | .038 | .003 [ ~.002 { 000 | .OOT | ~.036 | ~.08% { ~.036 | =07 | .153 | -.
.802 .038 | .03k | (0b3 | .02 | .00b £000 | L0000 | (009 | -.0M3 | -.048 | ~.036 | ~.009 | 259 [ ~.006
.50L Ol | L0k3 | 033 | LO51 | L0058 2007 | .020 | 016 | =.053 | ~.051 | ~.03% .000 | 267 .00,
921 L5 | .ob6 | ,056 | 088 | L0099 | .00 | .13 | .29 | 052 | ~.0MB | -, 005 | W17 | 005
Sho Jokg | J050 | J060 | JO5T | 023 | .o15 | .008 | .0e3 { -.083 | -.0%0 | -.021 .003 [ 78| .00
960 056 | 056 | .066 | 064 | .023 02k | 027 { .033 ] -, -a023 | =003 | .028 | ,191 019
981 W06k | 065 o753 | 012 | 036 .03T( .039 | .OMS | -. 003 | 15| .08 | .2081 .033
990 £06T | (068 | .08 | 075 | .okL | .02 | .OB5 | ,050 .o07| .005] .023| .055| .26 | .03T
1.001 LOTL | 072 | 082 | ,078 | .ob7 Ok8 | 050 | L035 W01 | L0135 .032 .056 | .22k 0h3
1.010 OTh | 078 | 084 | JofL | .om 051 | O5h | .059 .018 | 022 WOhO | L0T2 | 230 .0h8
1.083 .087 [ 088 | .098 | 095 | .033 | .055 | .OBT | 061 .027 | .0%0 | .oh8 | .08 | .238| .05
1.082 091 | J092 | (102 )| 099 | OS5 | L086( .088 | .09k | .0%0 | .0%2| .069 | .07 | .2%6 | .08
1.062 069 | .ot0] 08| 078 | .068] .068 | .om | .oTT| .om| .05 | .o73| .1061] .260] .06
Ll.082 067 | L0681 L0781} L0735 | L062 | .06k | 066 | .oTL| .080 [ .ooh | .om@| .20% | .298 | .o%s
1.100 .05 | 060 | oL | 06T | 082 .06k ] 06T | .0T2 o5 | .03 .or2 W20k [ J255 .062
.15 W055 | 036 | 067 | 06k | .053 .05% | ,05T | .063 046 | o050 | .06} .03 | .2b2 | .ou8
1,201 «Oh9 | 049! J06L | 05T | OBT | 050 L052 | .0S7T] 0L | LOM6f .068 | .103 | .233 | .OhM
1.299 050 | 050§ 063 | .O5T | OW1 Okl § .08 [ 051 | .038| .oM3 067 | 110 | .23% .037
L.boa Ok | .083 ] (056 ] LOk8 | JoR2 Ok6 | 088 | JOom 039 .o W066 | 10T | 217 | .035

% gae Tigure 1 for location.
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NACA TN L233

TABLE I.- EXPERIMENTAIL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -

Continued
Indicated Orifice muwber®
Mech
moer |3 ]2 |5 [& ][5 |6 f7r[8 s w|n]els|s]|s
(2) Elliptic cone~cylinder, 0.25-percent blockage; a = 0.26°
0.5%9 |0.045 |a.087 |0.032 |0.023 J0.@8 [0.009 [0.000 [~0.016 [~0.038 |~0.058 [-0.098 [-0.056 |-0.023 {-0.028 |-0.012
800 058 b Lom5 | Joko | 031 | 025 ] .ca5 | L002 | -.027 | -.0%k | -.07h | -.128 | ~.OTH | -.035 | -.031 | -.Q13
500 .062 | .060 | .ok | 03T | .0eT | .06 | .003 | -.028 | -. -.00% | -, 278 | ~. 12T | =.OTT | =.0k0 | -.006
5% 068 | 066 | 050 | .o%3 | 033 | .022 | Jo00 | ~.009 | ~.ON5 | -.08k | -.208 [ ~.190 | -.2M1 | ~.05L | -.001
9% 078 | .078 | L0681 [ 055 | 046 | 738 | 030 6 | «,013. -.085 | =270 | ~e195 | =297 | -.179 .003
992 o | 0| 085 00| o052 o8| 037 025 .000| -03 | -a2% | -178] 08 | -89 | -.108
1.00L .08+ | 095 | 068 | .063 | .o5h | .OM8 | 0N | .029 .006 | -.02k | -.183 | -.168 { -~.172 | -.18% | -.108
1.0IL o2l .93 .013] .088] .05 | .o%2 | .ok7| 038 .6} -2 | ~326] ~152 | -.156 | =273 | -.10%
1.020 095§ Jam | 083 | o5 ] J06L | Jo5h | 050 | o2 | .03 ] -.003 | ~.125 | -.2%0 | -1k5 | -8R | -
2.081 .063 1 .087 | .o19 | 0% | 082 | 082 | .OT9 | .05 o8 | .oeh | -.098 | -.31k | -.10k | -.1%3 | -.100
1.060 6| o3| .58 060] .59 ]| 060 | 082} 058 ]| .o86| .028 | -.0T6 | ~.09C | -. =103 | -.086
1.100 Wokg | 065 0oL | o | .ooT} 055 | .06 | .o55| .ok9 | .036 | -.033 [ -.068 | .09 | -.086 | -.08L
1.200 .03% | 052 | .01 | .0k | Ok | .OhO | .OML oo | 038 032 | -.029 | ~.0WL | -.032 ] -, ~.06h
1.4%00 .039 | .ou5 | 043 | .okl | .oh0 | .038 | .038 | .038 oML | oLok2 | -.009 | ~.022 | .19 | - -
Ind':cc;ted Orifice mmber®
mmber 16 17 18 19 20 a 22 23 2 =] 26 27 28 30
0.599 |0.028 jo.0e2 |0.025 [0.0e% Jo.000 |-0.00T [-0.006 |-0.003 | -0.03T |-0.05 |-0.0k1 [-0.035 |0.1T2 -0.006
800 .03k | .029 | .035 | .03 | 002 | -.00% | ~. 000 | -.045 ]| -.om | -.0k3 | -.026 | B6 | -,
.900 .039 | .039 | .Oh6 | .cht | .002 .003 <003 W00T | -.055 ] -.055 | -.039 | =016 | 150 | .005
+939 Woh6 | o6} 053 | .88 012 | .21 | .013 | .025 | -.OB5{ -.082 | -.026 | -.002 | .202 | .01
580 058 | .058 1§ .066 | .06 | .030 030 .032 .03k | -.013 | -.008 006 | .029 | .229 L035
-992 063 | 063 | LOT0 § 065 | .038 | .038| .oko| .oh2 .000 003 018 | .oh1 | .2ko ok2
1.001 065 | L0686 | .073 | 088 | .ok o2 ) JOh6 | 006} 009 .02k JOMT | .2b% k6
1.011 OT0 | OTL | .0T8 | .OT3 | o7 | .08 | .09 | .o0m| .02T| .020 O3k | LOST | 254 052
1.020 OT7T 4 .otT] 085 | o9 om0} 00| (o32| .omh| .o | .027| oML | .068| 260 .05
L.o4 W09 | 08 | .09+ | .08} .07T8] .or9 | .08 | .083f .ok | .OMT| .060| .087| .27k | .08
1.060 062 | 063 | omL | 065 ) 063 | .08k | .056 | .068] oMk | .OMT( .061 | .088 | .276 | .066
1.202 o5 | o056 063 | 056} 05T | 050 | .06 | 06| ouT| O | .06 [ 080 | .2TB | .065
1.200 o3| .oa3] .o} .ohS]| ov2 | o8k | .o86| .oM8| .o37| .o .09 | .08 | .262 ( .088
1.koo L0k3 | 080 | 050 | .Ok2 | .039 083 | Loh3 | .ok6 .038 | .039 | .060 095 | 2% K.

®g8ee figure L for locaticn.



ol NACA TN 4233

TABLE T.- EXPERIMENTAI. PRESSURE- COEFFICIENTS ON SURFACE OF MODELS -
Continued . . .

Indicated Orifice number®

mmes [+ 2 J3 [» [5]e 7 e [s [w]m [=]w|=s]w
(e) Elliptic cone-cylinder, 0,25-percent hlacknge; o = -0,26°

0.599 | 0.057 [0.037 [0.0%2 [0.032 [0.02T 10.0LT |0.006 |=0.010 {~0.032 |-0.053 | -0.09k [-0.053 |~0.022 }-0.02% |-0.020
798 063 | .06 | LOk6 | .038 | L030 | L020 | .00T | ~.011 | =081 | ~, -.224 | -,072 | ~.035 | ~.030 | -.0L0
859 LOT2 | 069 | 053 | 045 [ 035 .02k | 009 | ~.022 [ -.0k9 | ~. -162 | ~.033 } -.079 | -.0% | ~.002
.938 079 | 076 | . .053 | 082 | ,032 | .008 } ~.002 | ~.039 | ~.080 | ~.220 | =178 | =133 | ~. +000
.58 089 | .088 . L0687 | .o5T | Ob8 | .03 | .02k | -,00k | -,037 | -.262 | -.186 | -.288 | -, 175 | -.0h6

060

o072
+990 L08L ] 091 .073 | 069 | (061 | .03 | JOkB | .031 00k | -, =ak9 | ~a7h | ~178 | a8 | -.10%
1.000 096 | 096 | LOT9 | LOTR | L0635 | 058 | 0% .039 O | -6 | -aa3k | -a159 | -.163 | -.LlTT | ~.10R
1,02 Aol | J103 7 .08 | L076 ) 087 | L0BL | WO85 | Lobs | L0211 | -,008] -,123 } -.148 | -a1%2 | ~.187 | -.103
1.023 095 | 109 | .095 | 091 | 077 | 066 | .058 | .OB8{ .031 ] .005 | -.105 | -.129 | -.130 | -.1%9 | ~-.093
1.042 070 | .096 | 088 ,092 | .o51 | .o02 | .088]| .07 { .0%6 WOFL | =095 | =108 | ~.096 | «.136 | -.098
1.061 L067 | .08 | .06T | JOTL | LOTO | LOTL | 068 ] .065 ] .05T| .ok0 ) -.0T0| =.08L | =.066 | =.093 | -.0k8
1.059 058 | .omh | J062 | 065 | LO65 | .062 | 065 | .062 | 058 | .06 | ~.0N9 | -.062 | ~.050 | -.079 [ -.063
1.20L 0% | .062 | .00 | 050 | 057 | .05 | Jom1 | .0k | .OBT| .oWL | -.022 | -.03h | ~.02k | -.Okk | -,062
1.k00 ok3 | .os2 | .ou8 | Jok7 [ .OB6 | .OMB | oMM | .OkM | Ok | .039 | -.00% | -.c16 | ~.011 | -9 | ~.028

Indicated . Orifice pumber?®
Mach

nunber 16 17 °f 18 19 20 21 22 23 2k 25 26 27 28 30

0.%99 | 0.036 |0.033 [0.038 {0.046 |0.006 {0,001 [0.006 [0.C06 |=0.032 |-0.038 [-0.033 |-0.019 [0.136 [-0.011
798 W08 | .obo | JokT | L0322 | L007 [ .005 | .00 |-.005 | ~.OBL [ ~.O8k | ~.032 [ -,006 | (1¥6 | -.009
899 o8 | .ok [ Lo57 | 061 | 010 | .12 .006 [ 026 -. -.0b6 | -.030 | -.003 | 253 | ~.002
.938 .56 | .07 | 065 | L0639 | L0129 | 022 | .02k | L035| -.038 ) -.035 | -.QUT 017 | 166 005
98 069 | 070 | 079 | .082 | .Oh0 | 042 | .05 | 0551 -.003] .000 | .09 ] .05 .197 | .028
+990 072 | L07T3{ .08 | .086 | .Ov5 ) .ObT ] J050 | 060 | .005| .008 ] .025| .039 ] .202 | .032
1,000 O7T | .0t8 ) 086 | 090 | 052 ] .05k | 057 | 06T .015 .020 ,036 ,070 | .210 039
1.012 .078 | .080 | 089 | .093 | .0%6 { 037 | .060 | .O0TO | .023 .026 | .0h2 .076 | 218 «0h2
1.083 £093 | 085 [ .20k | JdoT | . o052 | .085 | .22h | .OWk
1.042 095 | 096 [ 205 | 1081} . 070 | .102 | .2 | .Oo7h
1,061 073 | .OTh | 083 | 086 . oTh 108 | Lot 055

B 073

. o

. 068

1.099 J068 | LOT2 | .090 | .083 106 | 248 | .93
1.201 033 | Jo5k | (06% | (066 2105 | 229 .0h0
1,400 Lok9 | 08 | 098 | 057 ,307 | 220 .03L

8 gee figure 1 for location.

W04 | L05T | L0685 ] JOsT | 052

058

087 .

069 | .otk | .08 | 087 .05 | .o58
055

o2

o§ | 050 | o5k | 062 .OB3 JOU5

066 | .00 | .OT8 035 058 .




NACA TN L4233

TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS

Continued
m‘::ted Orifice mumber®
meber |2 |2 [s [o |5 ]6 7 [8]s [ao]mJw[sfs w
(£} m1iptic come-cylinder, 0.25-percent blockage; o = 0.53°
0.603 0.0%0 |0.0k1 |0.028 j0.018 |0.013 |0.005 |~0.00% |-0.029 |-0.0%1 |-0.060 |-0.101 |-0.059 | -0.02k | -0.028 |-0.013
8oL OhT | 050 | L0383 | 025 ) 029 | 009 | -.002 | 021 | -.0%0 | - ~132 | -.0T6 | =.03T | -.032 | ~.015
.9aL 0% | 055 00| w032 023 L013 000 | -0t | -.05T | -.09T | ~.288 | -1k | -,086 | -.036 [ -.c10
939 062 | 061 | .5 | .038| .028 (| .009 | .00T | ~.013 | -.0k8 | -.086 | -.221 | -.200 | -.148 | -.093 | -.00L
.98 OT3 | O7h | WO5T | 052 | 043} 036 | .07} .0ah | -.003 | -.O%k | -,269 | -.192 | -.29k | -.280 | -.ou9
993 OT5 | 076 ] O6L | 055 | 06 | .OkO 032 | .020]| -.00% | ~.03% | -,155 | ~.180 | -.183 | -.193 | ~.110
1.000 079 | 080§ 06k | 058 | 050 | Ok | .038 | .027| .o0% | -.025 ] -.1bk | ~a160 ) -.172 | -.187{ -.108
1.013 .087| 088 | .069 | .053 | .ok } .48 | .03} .033 ) .003 | -.00k [ -.128 | -.133 | -.236| -1k | -.10M
1.023 08| .096] 018} 02| O8] k9| W3 | .036] .29 | -.006 | -6 -.k0 | -2k | -8 | -.099
1.042 05| 079} OTL| 076 | OT6| 079 | O8] .069| .050 | 025 -. -1 § -a0e) -ak2] -,
1.062 055 | OTL | 055 | 05T | 055 [ 053 055 | JOSk 03 025 | -.0T7 | =-.09% | -.0% | -.109 | -.0k6
l.10 OW5 | w060 | o0 | 052 053] Ok Lose| om0 LoMh | -.032 | -.056| -012| -.063| -.088 | -.060
1.202 033 | .08 | .03T | .036 | .ok0 | .036 03 | .035] .033 2025 | ~.035 | -.0M8 | ~.0k0 | ~.056 | -.066
L.har »03. | 039 | .03+ | 033 032 .030| .03 | .030]| .03L | .0R5 | -.017 | -.029 | -.026| -.032 | -.03%
Ind.t:;ted orifice mmber®
n:mer 16 17 18 19 20 il 2 23 24 25 26 27 28 30
0.603 | o0.02k l0.017 |0.01$ [0.013 {-0.003 {-0.00L |~0.021 | -0.Q13 |-0.0%0 |-0.0kT |~0.0kT | -0.04% |0.180 |-0.000
.80 029 | .ok | 02T | .020 [ -.00@ | =007 | ~007| -.010 ] ~.08B | -.055 | -.ob7| ~.031 | 189 .002
S0 035 | .033 | .038 | 029 ] .000 | -.002 | -.002 | ~.003 [ -, - =0h6 | ~.02h | 92 | .000
939 oh0 [ .oko [ Jou5 | 036 | .oo7| 00T | .007T| .00k | -.0k8 | -.86| -.032} ~.c20f .205]| .09
.- 05 ] 05k | 059 | LM 02T | o7 | .028 025 | -.013 | -.020 | .003 025 | 233 .0k
.993 05T | +O5T ] 063 | .o5% [ .032) .o32| .o3%| .o31| -.00k j-.00L| .022| .033| c2R1| .o%6
1.000 W06L | JO6L | 06T | .05T] .038 | .038 ] .038] .035| .ok | .006] .020| .oh1| .248| .o%L
1l.013 066 | 066 OTO | 062 | .ON3 | .OB3 | .OMM| .o | .023| 16F .oe9| .om| 256 .05
1.023 o7k | Lotk | LoT9 [ 0681 .oh3 | .obk | .okM] 039 .019] .e22| .035( .o57| .263| .08
1,062 .08 | .09} .005|.06| .0o18| 08| 07| .06} .o85| .oOk6| .058| .080!} .282| .om
1.062 9| o5 06501 055 ) 055 o] 056f .ook| .ok | k5] .038| .08 .285( .06
1.100 W5k | W05k | 060 oML | 032 | 0| .033]| .oh9| .oke | oMk | .o5T| .078| .286 | .068
1.208 — 038 ] o83 | 033 037 | .038| .039 036 | 033 <036 053 WOTT | .268 o
1.ho1 035} .033 | 039 | .028 032 035 | «035]| .033 089 | .031} .0 .08 | am| .ok

%gee figre 1 for locstion.
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26 ' NACA TN 4233

TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -

Contilnued
Indic;ted. Orifice mmber®
e G le v (s elr s s [wln[=ls s

(g} Elliptic cone-cylinder, 0.25-percent blockege; o = ~0,53°

0.603 . | 0.061 {0.060 [0.045 [0.036 |0.029 [0.009 [0.008 [~0.009 [~0.031 [=0.05L | ~0.092 |-0.05L |=-0.020 |~0.02k |-0.009
802 069 | 066 | .o5L | .ob2 | .033] .022 | .009 | -.010 | -,039 | ~.067 | -.223 | 073 | ~.037 | -.030 | -.010
+901 W76 | OTh | 058 049 | .038| .027 | 013 | -.008 | ~.046 [ -.085 | -.263 | =123 | ~.078 | ~.080 | =.003
Sk0 0821 .08 | .06k | 05T OW6 | 035 | 022 | 002 -.036 | =.077T | ~.209 | ~.278 | -.135 | ~.086 | -.002
.98 W032 | 092 | LOTB | 069 | (060 .02 { 043 | .27} -,002 | -.037 | -.263 | =186 | ~.186 | -.175 | -.02h
.992 096 | 0965 o8| o5 0661 058 )] 050 | 036 010 [ -.022 | =185 | -.160 | =170 } -.1682 | ~.200
1,000 098 | 098 | .02 | OTT | .068 | .061 | .053 SObL L016 | -,025 | ~.133 | ~a60 ] -.162 | -.176 | -.102
1.00% 208 | 108 | 090 | .083 | .OT3 | 0BT | .060 +030 .028 | -.002 | ~.136 | =18 | ~.2k5 | 261 | -.202
1.023 .10k | 135 | .01 | o9k | .08 | .070 | .062 05k .036 W009 | ~u20% | =127 -,228 | -,1k8 | ~.09%

1.0k .080 | 102 | 093 | 097 | 096 | 095 | L093 ) .0B3| .062 | .035} -.093 | -. =091 | =133 | -
2.061 Oom | 088 O | 076 OT5| 076 | OT6| 073] 069 ] .OSL{ -.067 | =.0TT | ~.0% | -.om | ~.0m
1.0 .06h { 080 | 089 | 070 | JOTL | 06T | LOTO]| 0T | .066] .O55 | -.0Bk | -, ~.0k0 | ~.0T3 | -.061
1.200 WO5% | L0867 | WO55 | L0%6 | 058 | ook | O35 oM | .03 ]| OhS | -.29 | ~. ~.018 | -.0kc | -.061
1oL k8 | (056 | 052 | 052 | 0% | JOBT | LONS Ok6 JObT 043 000 | =012 | -,005 | -.0L6 | ~-.02%
Indicated - Orifice number®
Mach
mumbar 16 17 18 19 20 =28 22 23 ek .| 25 26 27 28 30

0.603 | 0.040 |0.037 |o.0%4 {0.0%% |0.009 J0.006 |0.010 | 0.025 | -0.030 |-0.035 {-0.031 {-0.00% [ c.127 |-0.01%
802 LOh5 | 045 | Lo%4 | .063 | .020 ) 020 | 025 .029 | =040 | -, OkL | -.028 | LOOL| .125 | -.002
- 009 | 053 (062 | 071 | .otk | 016 | 021 | 035 -.OBT | -.0k3 | -. 007 | 129 [ -

540 059 | 08 | 070} 078 ] 023} 025 | 030 ] JOuk] -.035 ] -. -.0Lk .02 | Jak2 002
582 072 | o7k | 083 | 091 | O3 | JOBS ] .050 | 063 -~.002 +003 Q19 L0931 AT | L0e2
.592 076 080} 088 | ,096 | 050 | 032 05T | OTL| .020| .015 | .03L) .066)] .182 | .o29
1.000 +08 ; .08 | 090 | .098 [ o34 | 056 | 061 ]| otk | .c06]| .o20| .037| .oTA| .188| .033
1.01h4 +086 | .088 | ,096 | 204 | .06L | .06% | .068] 052 | .028| .033 | .oh9| .ofe| .297 | .OhO
1.023 <097 | +099 | +208 | 115 | .06k | 06531 ,0T0| 082 | .036| 0% | .0% ]| .090( .20% [ .00
L.042 W00 | W02 | W12 | 9| o091 L0983 LO9T) 0| .056) .039 | .otk | JdoT| 298] .om
1.061 079 | .08L | .090] 098] ,076 | .0T9 | 084 | .096 .063 087 | .08 15 | W227 | .05
1.101 072 | 075 | 085 .092) o010} 072 JOTT| .050] .08L| .064| .080| .112] .e27| .om
1,200 WO37 | 058 | 063 | OT6 | 056 | (039 063} OB .0%2| .0%6 ) 076 . 12| 206 .035
2.hox «053 | [052 | LO6% | .066 | .0k | 054 | 060 | OTO| .ON8 | .050| .073| .1k .298| .c27

%gee rigure 1 for location.




NACA TN 4233

TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -
Continued

Indicated Orifica mumber®
mmher 14[2L3|kT5L6|7—l BiglmtuimjnL:ﬂ;—lu
(n) Bl1iptic cone-cylindar, 0.25-percant-hlockages ¢ = 1.06°

o0.60r |0.032 {0.037 |0.G19 [0.012 |0.006 |-0.00) |-0.00L |~0.025 |-~0.0M5 |~0.065 |-0.103 |~0.060 [-0.086 |-0.030 |~0.m3
.8oe 039 027 | 7| a2 .o | -.010{ -.027 | -.0%5 | ~.08 | -.13%k | -.078 | ~.OkO | ~.03% | ~.01%

.0k2
.90L JO4T | 048 | ,033 | 025 ] JoaT | .0OT§ -.005 | -.005 | -.063 | -.105 | -.200 | -.101 | - ~.036 | ~, 0k
40 053 | .05k | .038 | .033 | .02k 015 .00k | -.014% | ~.O48 | ~,088 | -.233 | ~.229 | =~.2M3 | -.026 | ~.00k
.98 W065 | 065 | .050 | JOW5 | .038 031 | .02k 001 | -.015 | -.045 | -.176 | -.195 | -.188 | -.204 | ~-.000

992 06T | 068 | Jom2 | .ok8 | JoW1 | .035| .029| .7 ]| -.005 | -.03% | -.163 | ~.18% | .17k | -.200 | -.08
598 068} .00 ).053) %0 | .ov3] 038 032] .oex| .o00 1 -9 -85 -.175 | -.268 ] -.196 | -.098

1.005 O3 | OT6 | 058 | oo% | (0k6 | .o%0 | .036] .026| L0OT | ~.019 | ~.ak2 | -.261 ] ~. - 09T
1,022 078 | .088 | 012 | 065 | 052 Ok3 .038 .032 Q19 2006 } -.12k | -.2h3 | -a13T7 ] -. ~-.092
1.039 049 | 075 | 065 072 | OTL <073 069 055 035 [ o1 | =106 | 125 | -, - -.102
1.060 039 | 0% | k7| 050 | 050 JOMB| JOMS | .OMS | .Oh2 | .026 | -.0718| -.09 | -.0%R | -, -.065
1l.102 035 | 050 § .039 | Ok [ JOW5 +ObL .0h3 <Oh3 037 | .05} =-.083 | -.079 | ~.0TA | -. -.060
1.268 23§ .39 | 29 oee | 032 028] .o2g| .0e8(| .026 | 020 -.0h2| -.05k | ~.0M6 | -.063 [ -.069
1.364 W06 | 033 [ 029 | J02T | 026 | L0055 | 025 | .02k ) .26 | .oe0 | -.022 | -.033 | -.029 | -.038 | ~.OMT
Indicated Orifice mmber®
Mach

mmber 16 T 18 19 20 2 22 23 2k 25 26 T 28 30
0.601 0.01T |0.009 |0.008 |-0.00T {-0.009 |-0.016 }-0.019 |-0.029 |-0.04% | -0.052 |~0.053 |-0.059 |0.1T%. |0.006

802 02§ .ab | .07 | -.001L | -. -3 | ~.0017 | ~.028 | =05k | -, - =049 | 178 | .1
.90L 2029 | o2k | 026 | .008 | -. -.000 | ~.Gi2 | ~.022 | -,083f - - -.0%3 | .182 | .08
-9h0 .035§ 4032 | 03k | 15| .002| .000| -.002 ] -, .08 | - -.037 | -.030 | .19% | .ceg
980 LORT | JO46 | Oh9 .031 . s, 8

.992 050 | .oh9 | 0oL | .033 08T | .06 | .02k L013 | ~.006]| -

<Oh8
022 .02 a9 W008 | ~.06}] -.015 | -.003 2006 | .223
006
.998 052 | o%r ) .03 «035 «030 +029 02T 015 | ~.003 | ~.00%

+00 <021 | .233 | .09

1.005 0% | 055 057 039 .03%]| .03+| .03 ] .m9) .005} .006]| .08} .030f .242 | .06k
1.028 05T | 086) 088 .om | .036f .035} .033| .020| .o7| .28)] .029] .039 | .25 | .068
1.039 073 | 073 | 0T 057 | .068 067 | .06k 053 03| .033 043 o5k | .26k | .085
1.060. 052 ) .om | Lomh | 036 Lobk | Loka| .ov2] (031 | .obo| oML | .ome | .08k | .eT3 | .OTT
1.102 LMk | o2} LOk3 | 025 ]| .OR3| LOMS| .OK3 | .032| .035) 036 .O¥T| .08 | .268 | .0oT9
1.198 L0311} .030) .033] .06 .o29| .029| .o27] .7} .0@5]| .027| .oML | .056 ] .2% | .06
1,384 03 { 027} 031 | 03| .026| .o027| .025| .0016] .o2%| .o2h| .owk | .065 | .2m | .053

®8ee tignre 1 for location.
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TABLE I.- EXPERIMENTAL, PRESSURE COEFFICIENTS ON SURFACE OF MODELS ~

Continued
Indicatad - Orifice mumber &
Mach
muber | 2 | 2 |3 [ % | 5 J6 [ 7 [ 8 [ o [ [n JTaw [ ]uwlmns
(1) Elliptic cone-cylinder 0,2%-percent blocksgs; & = ~1,06°
0.569 | 0.07L |0.065 [0.052 [0.043 |0.034 |0.023 |0.012 }=0.005 |=-0.028 |-0.048 {-0.087 |-0.053 |-0.028 |{-0.02k |-0.008
8., 080 | 075 | 058 | 051 | 040 | 029 | 006 | =.004 | =.03% | =061 | ~. 107 | =OTA | = -.029 | =.00T
508 091 | .08 | 070 | LO6L | 050 | .038 | .022 | .000 | ~.036 | ~.0T6 | ~.152 | ~.206 | ~. ~032] .000
4939 o9 | Jo9L | LOTH | .066 | .055 | JO43 | J027T | .008{ ~.031 | ~.073 | ~.298 | ~.258 | =,120 | ~.039 | ~.002
979 L203 | L1022 | .0B6 | LOT9 | 069 | 061 | 030 | .033 JO0k | -.032 | ~.3158 | -.18 | -.182 | -.166] ~.030
.988 W06 | .10 | 089 | .083 ] 073 | 065 | 056 | .OML | 012 | =082 | «.1%6 | ~.1TO | ~u1TL | =o1Th | =082
1,001 Atk | 13 | L0985 | L0501 | JO8L | LOTR | .O66 K1 027 | o005 | ~a223 | ~.2k8 | =250 ] -6k | -.099
1,009 27§ W17 | o098 | 092 | .083 | .OT6 | .069 057 | .033 002 | 215 | ~k0 | =lb2 ¢ -, -
l.022 a3 | .26 [ 208 | L0959 | 086 | 078§ L0721 .063 ] .OBL | .012 { -.100 | ~.226 | -.129 | -.2M5 | ~.05%
2.039 090 | 209 | 202 | 106 | L1053} .105 | 105 ~09k 072 | JOdM | ~.088 | ~. =08 | 125 -.
1,060 082 { .097T | 086 | 087 ] 085 | .05 | .08 | .o08% | .07 | 058} -.063 | ~OT2 | ~.O5L | -.00% | -.05%
1.102 073 | .087 | 079 { 083 | 082 | .OT7 | JO8L | .080 | LOTT | <063 } -.0h2 | ~.0%2 | ~.03% | ~.08T | ~.062
1.198 .06L | 016 | 085 | 065 | LO6T { 062 | 063 | 063 | 063 | .058 | -.001 | ~.022 | ~,008 [ ~.033 [ -.060
1.397 05T | 066 | 062 | 062 | 060 | 05T | 038 .03T | .09 | .033 | .00 | ~.002 | .00O | ~.003 | -.0L3
Indicated Orifice nmumber®
¥ach
mumber 16 7 18 19 20 21 22 23 24 25 26 27 28 30
0.999 | 0.046 [0.04T {0.056 |o.0Th |0.0z2 |0.014 |0.022 o.o0k2 |-0.028 |-0.028 {-0.022 |0,000 |0.065 |a.020
802 053 | 056 [ 053] 083 | .016 | .08 | .026 [ JOUT( -. -.033 | ~.09 | .0k | 069 |-.
901 073 | 083 | 07T | 2093 | .23 { .028 | 035 | 057 | -.038 | -.033 | ~.01% [ .0@3 [ .080 {-.003
939 069 1 071 | 082 | 097 | L030 | .03k | .01 | .062 | «.030 ] -.025 | - .037 | .08 {~.006
979 .083 | .085 { .096 | 112 | .052 | 034 | (06| .0B2 | .005| .00 | .029] .089 { .19 .25
.988 .086 | .08 | .100 | .12% | .07 | .060 | .OST | .086 | .023[ .0a8 | .03T| +O7TT{ .127 | .C29
1.00L W09k | 095 } .206 | 122 | ,O6T | .OTC | .OTT [ 09T | .029 | .033 L0893 | .093 ] .1kL | .029
1.009 .095 | 09T | 107 | .12% | 070 | .OT3 | .080 | 099 | .033 .039 098] L0568 k3| on
1.022 WJ02 | J108 16 ) W330 F LOT3 | LOTE | L08R | L1022 | LOh2) LOMT | .O6T | .207 [ .252 | .032
1.039 209 | o2 | .213 ¢ G237 | L2102 | W30S | (111 | 131 0871 .070| .088| .126] .1TL | 067
1.060 .090 | .093 | .10k | 128 | .08k } 088 | 094 | k| .0T2| .076] .095| .13% [ .2Th | .OM2
1.202 .087 { 090 | (101 | .116 { .080 | .083 | .089 | 208! .0TO{ .OT3 | .091 | .130 | .169 | .Ok0
1,198 068 | .ot0 | 08 | 093 | L065 | L068 ] .07k | L092 ] .OGL| L0665 | L0856 | .123{ .)b9 | .026
1,397 | 062 | 063 | OTh | .OBM | 060 | 065 | OTZ | .08 | .O3T| .06 08k | 226 ) 288 | 02

%gae figure 1 for location.
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TABLE I.- EXPERIMENTAT, PRESSURE COEFFICIENTS ON SURFACE OF MODELS -

Continued
Indicated Orifice mmber®
Nech
mmber 1 | 2 I 3 | & I 5 | 6 I T | 8 | 9 1 10 I n l 12 | 13 I 1k [ 15
(1) Elliptic cone-cylinder, 0,2%-percent blockage; o = 2,12°
0.600 |0.012 |o.m2 Jo.000 |-0.008 |-0.q12 |-0.018 |-0.006 |-0.039 |-0.05T |-0.0T5 |~0.113 [-0.069 |-0.035 |~0.03T |-0.020
.79 023 | o022 ) .00 | ~.002 | -.008 | -.c06 | -.0e5 | -.0%2 | -.06T | -.092 | -.1k0 | ~.085 | -.0%6 | -.0h0 | -.
.900 o9 } .02} .05 .029 | .000 | -.010 | -.022 | -.0K2 | - -.118 | ~.200 | =209 | ~.058 | -.083 | ~.0R0
SSHL .033 | .039 | 022 | .k [ .00T | -.003 | -.013 | -.03L | ~.065 | -.106 | -. =2kk | ~127 | -.086 | -.003
979 k3 | Lob7 | 033 ] .030 | .023 | .05 | LOOT | =005 | =« -.062 | -, - . -. .6
9% JORT | .03 | .03T .03k 026 .020 .aL3 O0L | - -0 | - =195 | -.182 | ~.222 | -.01T
1,000 050 | .09 | .039| 038} .om | .022} @B} .00T| -. -3 | ~173 | -.182 [ -.170 | -.210 | -.078
1.01% 088 | .05 | .ok 0k2 .033 028 .023 SO1k | -, -.031 | -. ~. =155 | -.195 | -.090
1.020 082 | 070 | 0% oh8 | o3k 028 | .21 | .o20 | .00k | -.023 | -.286 | 256§ -.ak5 | -.16k | -.088
1.0k0 037 | .06 | .0k9 060 05T 059 053 038 018 | -.008 | ~226 [ -13T ] - -.168 | -.10%
1.060 026 | LOMT | .03k .Oh2 ~Ok2 039 | 03T | .033{ .026 Q10 | -.200 | =107 | =.080 | =122 | -.053
1.098 3 | .039 | .033| 039} .03 | .o3x | .033]| .028| .023| .ca2 | -.086 | ~.08k | ~.078 | ~.206 | -.057
1,208 003 |.0e5 .05 6| 023} a7 | .02 | .28 | .025] .01 | -.060 | ~.086 | ~.052 | -.075 | -.068
1,03 00T | 026 | .02 | .ok | a7 | .0A7 | 016 | .015 018 011 | =036 | -.0kk [ -~ =049 | =
Indfcated Orifice mmber®
Mach
mmber 16 17 18 19 20 21 22 23 ok 25 26 o7 28 30
0.600 | ~0.002 |-0.008 {-0.009 |-0.081 |-0.02T |-0.029 }|-0.035 [-0.0%9 {-0.059 |-0.062 |-0.06T |-0.087 (0.098 | 0.021
799 2006 | -. -.00L | -.03% | -.026 | -.028 j -.03% | ~. -.068 | -. -.068 | -. 097 | .08
500 a2 .07 | .009 | -.023 | -.023 | -0 | -. - -.08% | -.019 | -« - 01 | .035
-GhL 021 0Lk .08 | - ~00T [ -.016 | .02 | -.085 | -. - - - W1k | JokS
979 .036 .029 .032 .002 007 | .ook | -.0m | -.023 | -.031 | ~.030 | -.02k [ - k3 | L067
.99 oo | .033| .035| .006| .m2| .009 | .oOM; -.08 | ~.022 | -.020 | -5 § -.035 | 150 .073
1.000 ok | .037| o3| .00} .ar| .onk| .09 -.o2h | -.c2k | -.oab | -.008 | -.008 | 15T | .078
1.01% o8} e | .owe{ 06| .022| .00} .015| -.008| -.005 | -.005 | .00l | .o | .163| .0k
1.020 o5k | k8] 050 | .o2a| .026] .02k | .a1B) -, 003 { .01 | .008]| .o0T| .1T0| .088
1,040 .065 | 060 061 .032 .05k 052 J0h5 022 | .05 016 .02 022 | 286 o
1,060 0k6 Oh | .053 a2 035 .036 031 | .co8] .026 026 032 .032 | 97| .102
1.098 o | 37| .o39] .o03| .om| .o29| .ook| .000| .02l } .20 ]| .026| .025| .195| .09
1.202 w2 | 7| 29| -.02%| .o19] .29 | .013j-.008| .oa5| .15 | .025) .028 | .165| .08
1.h03 .019 JOLk .01k | ~.028 .023 01k 009 | - .02 | .01l | 006 03L | 193] .069

% gee figure 1 for location.
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TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -

Continued
Indicated Orifice number &
Mach
mumber 1|2|3|h|5'6|7|8|9'J.ol:u.|12l13|1hl15
(k) Elliptic cons~cylinder, 0.23~percent hlockage; « = -2,12°
0.602 |0.09% [0.085 |0.069 |0.060 | 0.0k8 | 0.03T |0.023 [0.006 |~0.018 |-0.038 |-0.078 | -0.047 { ~0.0C2 | ~0.020 | -0.005
.Bo2 .103 | .087 | .080 | 070 .059 ) .obT7 | .034 | ook | -.028 | -.0kT | <207 -. =020 | =020 | ~.00%
+500 Q11 .106 | 088 ) .08 .0T0| OST | OO | 039 | ~.02k { -.062 | -.1h1] -.09% { -.060 | ~.032 | -.00L
940 A6 1 112 | L095 ] 086 LoTh | L063 | JOMT | 03T -.006 | ~.0%9 | -.188] -.146] -a02!| -~.036] .00
.98 27 123 | 208 ) 02| 091 ) 082 | JOT0 [ .052 W020 | -.01T | =08} -,166 ] -.2601] ~. ~.015
+99L «131 | 129 | 233 205 | .095] 087 | JOFT | .06 | .03 | =008 | -232| =152 ] ~.256 ] =257 | -.07h
1.003 .13k | W132 | W25 | (109 L099 ) 091 | L08R | .068 .0kQ W006 | 19| -, =.13% | -.1%9 | ~.088
1.013 Jdk2 | (1o | J122 | J13% | Job | 095 | 088 | 0TS | .Ob9 | L0186 | -0k | ~.226 | -.128 | -.1238 | -.000
.02 k5 ) k6 | L2127 | L1218 L1206 | LO9T | LO9L | 079 L0355 W02k | =.09% [ =217} =125 ) 130 | ~.
L.082 W07 | o127 | 121 | .22k | 123 | .229 | L3129 | JIT| .O9L | .OBL | ~.07T5| -.083 | -.069 | ~.103 | ~.083
1.062 A0k | W119 | 10T | 107 JdOk ) ok | 0| L0 | 096 LO7H | -.093] -.099 | -.0b0 | -.069 | -.
1.101 096 | 1) | L0968 ] a0 | | L097 | L1205 | 106 099 | 083 | -.029 ] -.036 | -.021] -.05% | -.
1,200 085 | 095 | 085 085 | 08T .082 | 085 | .08T 087 | .083 005 [ =.006 013 | =005 | =-.0hT
1.koz OT7T | 085 | 079 ] OTY| 079} OT3 | OT3 | OTT| .OT8 ]| .079 .026 +OLk «031 .01 001
Indicated Orifice number®
B
n{,:ger 16 7 18 19 20 21 22 e3 ek 25 26 27 28 30
0.602 0.063 10,068 |0.075 [0.110 [0.025 |0.029 | 0.025 |0.02h |~0.020 | -0.0L7 |-0.006 | 0,026 |=-0.107 |-0.035
802 072 ) 078 .09 | 120 ,033 | .038| .08 | .08 | -,022| -.ca7 | .000| Ok -, -
.00 .083 | 087 J10% | 128 .oh2 | .OB5 | 056 | .088 | ~.02h | -.08 | .003{ .083 | -.096 | -.030
940 Q0L | .09k | L1008 [ L1335 ] L0500 | o5k | 065 | 096 | =AML | -, 015 | 065 | -.078 | -.022
98 105 | 108 (122 | ake | o072 | 076 .086 | J27] o22| .027T| .0%0]| L0959 -.056 | ~.om
991 J10 | 113 | J126 | L1853 | LO078 ) 083 | .093 | .12k 032 .038 L0801 10| -.0M .00k
1.003 22 | 6| J129 | 256 ] 083 | L0881 .097 | (128 .okl | LOMT | .O69 | .11T{ -.0%L | .009
1.003 | 38| .121f .13k | J260 | .08 | 094 | .10 | .23k .0%0 056 078 126 | -.0h0 01k
1.021 222 | .126 | 139 | 265 ] 092 | (096 | 106 | 23T .O%6| 063 .08 | .132 | -.035 | .OMk
1.042 Ji27 | W131 ) L2k | a7 ) .12k | 15| o.a37 | 168 0881 092 | .12 | 59 | -.00h | .052
1.062 J110 | J11h | .128 | 253 | Jl0T | .112 | 212 | 23R O91] L0861 3T 265 | -.015 026
1.100 105 109 | 123 | b | J102 | L2106 | L2115 | (148 092 | 096 Q17| .16k | -.019 .022
1.20Q 0881 .05} 106 | .130) .085 | (090 ) .00} 227} L0830 .08 | .mx| .1%8) -.025] .ow0
1.ho2 079 | .08 | 097} .12T| 075 | 082} 092 | .1N8| .OT3 .08 2205 ) A35 ) .07 | -.007

%Bes figure 1 for location.
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TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -~

31

Continued
Ind.i.::.ted Orifice mumber #

M T
meber | 1 | 2 [ 3 | % [ 5 |6 7|8 fofw]uwle[us]n]as
(1} Filiptic cone-cylinder, 0.25-percent hlockege; o = k.24°
0.602 -0.0k1 | -0.033 | -0.041 {-0.0kT | ~0.088 {-0.050 | <0.053 |-0.063 |~0.078 | “0.096 | ~0.13L | ~0.086 | ~0.0%9 | -0.0%9 [ ~0.02T
8o =03 | =.026| ~,03T | ~.0h3 | ~.0k8 | =.052) -.058 | -.072 | -.0% | =117 | -.165 | -.304 | -.082 | -.053 [ -.
502 ~-.018| -.023) ~.028] -.035 | ~.0M3 | -.0k8]| ~.058 | -.0T5 | -.108 | -8 | -.260 | -. - -.050 | -.
2 -.009 | -.00% | -.020 | ~.026 | -.036 | ~.0hO| ~.0B9 | -.06h | -.09L | ~.126 | -.269 | -.276 | -.226 | ~.02L | -.
.58k 003} .009 | -.008 | .32 [ -.022 | -.027| -.031 | -.0h2 | -.060 ) ~.087 | ~.206 | -.228| ~.2aT| ~.260} .02k
-1 005 ( .012 ) -.006 [ -.009 } -.0e0 | -.02k | -.027 | =-.03T | ~. -.0m9] -. -7 | -.207 | -. ~.013
1.002 .1 .020) .02 | -.00L | -.,01k | -.019| -.021 | -.028 [ -.0kk [ -.067 ) -. =202 | -.190 | -. =09k
1.022 019 02T +005 002 | -.013 | -.015| -.018 | -.026 | -.038] -.000 | -.179| ~a290 | ~-.1T9| -.22k | -.12
1.022 022 1 .037 020 | 06| -002 | -.o11) -8 | -.025 | -.03% | -050 | -.161 | -.170) .19 | -.200( -.093
1.0kL ~002{ .33 .a7| .022| .20 .c20| .02k | -.008 | -.oa7| -.038} -.1%2 | -6k ] -. -.198 | -.120
1.060 - ool «000 000 | 002 .003] ~.00L | -.003 | ~.006 | ~.008] -1, | -.129 | -.12k | -.2k6 | -.066
1.099 -.025 JOOT | =001 | -. ~.009 | -.00T| -.005 | -.00T | -.020 | ~.0019{ -.111 | -, 118 | ~.10k | -. -.038
1,203 -028| ~.a12 | -.006 | -.027 | -.01k | -.c06( -.36 | -.q1T | -.02T{ ~022 | -, -.096 | -.08 | -.103| -.085
1.hod - -7 | -.018 | ~.022 | ~.018 | ~.01T| =.020 | -.017 | ~.020 | -.023 | ~. =076 | ~.062| ~-.078 | ~.08k

Indicated . Orifice mrbder &
Mach
movher 16 7 18 19 20 21 22 23 2k 25 26 27 28 0
0.602 {-0.041 | -0.04h |~0.009 |-0.328 [-0.056 [-0.058 |-0.0k6 |-0.263 | -0.079 |-0.08% ) -0.070 | -0.281 | -0.0k9 {0.055
800 =039 | -.0bL | -.008 | -.329 | -.060 | -.063 | -.051 )] -. =004 | -, -OT7T | -.289 | -.05T| .083
902 - ~e033 | =022 | =303 | ~a059 | =.06L | =T | =-. =108 | -. =077 | =290 | ~.0M | .0Th
k2 =021 | -.025 { -. ~260 | =.050 | =053 | -.0k0 | -. -0 | - -.08 | -.213 | -. 083
98 -.007{ -.00t | ~.003 | -.272 | =033 | ~.035 | -. - =060 | =062 -.033| -.245| -.008 | .1203
9% -.00% | =.008 | .00L { =.267 | -.028 | -.032 | -. -265{ -.083 ] ~-. -.0e7T{ -.2386| .o02| .108
1.002 .00k | 000 | .00T| -.260 | -. ~.025 | -.018 | ~.260 | -.Okk | -.085 | -.006| -.229 [ .cOT| .1aT
1,012 00T OO0k 009 | =257 | - =023 | ~.005 [ -.259 [ -.038 | -.0%0§ -.011 | -.226 010 | 223
1,002 o2nl .8 .23 -~232 | - - -.008 | -.2k9 [ -.032 | ~.036] -. -.220 | .o13] .125
1.0%1 28f .025 | .07 | - o3| 9| 026 -2an| -6 | -.08]| .o12{ -.188]| .ovo| 15
1.060 D05 W00 000 | ~.288 | -.000 | ~.005 | .000 j =.23% | -.006 | -.008 018} -.196F .ok2| .1k8
1.099 =001 | ~.006 [ -. 221 | -.007 | ~.002 | -.015 | -.233 | -.011 | -. 0o5] -.190) Lok3| L1397
1.203 -0k | =022 | ~.026 | -.22T | -.017 | ~.022 | =028 | -.212 | ~.019 | =-.00L | ~.00T| -. JOho | .23
L.ka1 = QLG | =029 | ~. -.215 | -.022 | -.02T [ -.03T | =160 =022 | =027 | -.008| ~.050| .078( .207

f8ee figure 1 for location.
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TABLE I.- EXPERIMENTAL PRESSURE COEFFICIENTS ON SURFACE OF MODELS -

Concluded
Indioated Orifice mumber *
Mech
wie [1 e (3 [v[5[e 7 s[5 w [u]w]n]w]n
(m) Elliptic cone-cylinder, 0.25-percent blockage; o = =k,2k°
0.60L [ 0.143 [0.13% [0.115 [0.102 |0.089 J0.0Tk [0.05% [0.03§ j0.013 |-0.010 [-0.053 [~0.021 | 0.003 | 0.001 { 0.008
800 W53 | L1k o325 | L1313 | 200 | 08T | JOTL | JOk9 | 015 | ~.016 | =.0TO | -. - -.003} .003
<902 W63 | WISk | L236 | W25 [ L1 L09T | LOT9 | JOS4 | 023 | -, =116 | =, 05T] ~.028 |-.011| .00k
oh W69 | J262 | Lakk | 35| W19 | L2095 | L0687 | L063 ] 019 | -.0R6 | -.263 | -. “.0kL | ~,015 | .0OT
.98 178 | W72 | Ja5h | Labh | L2132 | L3120 | 106 | L0865 | Lob9 | 009 | =137 | -.1b1fe.2a7]-.113] .036
2993 | .18 f a7 | 2% | W50 | 139 | L228 | L1358 | 097 | JO6% | L025 | =120 | ~. =100 | =105 | ~.0k6
999 185 | W180 | 263 | 53| WAk | 32| W19 | 202 oM W03 | -20] -7 -, -.104 | -.063
1.012 193 | L2187 | 368 1 AS9 | WabT | L2381} 26 | 110 W09 .0bb | ~.093{ ~.20b] -.086{-,096|~.065
1.020 J9T | W95 | ATS | W16k ) A% ) LJ1h1 ) 130 15 L087T | L0353 | w082 | =00 | -, - -
1.042 J165 | .182 | L2176 | JTT | ATT ) WATT | W166 | k8] 227 .0B3 | -.087 | -.062] ~.0k3 | -.068 | ~.
1,061 W56 | ,168 | 157 | L1537 W55} L2162 | 163 | L3156 | L137 ) Q0T | - - -.0n1 | -,033 { ~.038
1.100 k3 | L1359 | k5 | L2152 | L1k8 | 136 | J15T | b9 | 138 .320 | L0001 | -.020) .OOT |-.022 | ~.OB3
1.202 . | .125 | 2% | .3 | W29 ) 230 ) a3 | 138 a35) Ja30) .25 .ok | .033| .ok9| .020]-.
1.k 118 | 228 | 129 | L2316 .17 ¢ 116 | 122 | ,223 | .,118{ .19 .02 05k | 070 .O4B| .035
Indicated Orifice mymber®
Mech
mumber 18 17 18 19 20 2 22 23 ok | 25 26 13 28 30
0,601 }0.107 |0.113 }0.131 Jo.174 |0.06% |0.068 [0.085 |0.132 jo.002 J0.017 [0.032 | 0.079 |-0.22T | ~0.065
800 18 | a2k | Jk2 | .83 o) Lo78 | W095 | ko | Lone | .0e2 | 039 | L0995 | -.2b2 ] -.068
.902 229 | 135 5% | 9% | 08| 088 | 205 | 150 012 | 022 | LOAE| L2085 | -.252 | -.06T
gL W37 § J143 § W161 | L2001 | .00 § 09T | o113 | JANT | 029 | .02% | .OD5)] 215 | -.2k2 | -.062
580 A8 | 55 ) 173 | o201 | L1088 115 | W130 | WATR | LOk9 | 059 | L0848 | L2k3 | -221 ] -,0k3
993 A%h | L6 | 78 | .27 | W7 | W13 | W39 | W28 | L0683 | L0712 | L0988 | 255 | ~. =037
.599 A58 | a6 | 18 | 220 | 120 L128 | L1k3 | L286 | 070 | LOT9 | Ok | 62 -, ~.03%
1.012 A63 | 169 | .186 | .22k | 128 | .13% | k9 | 291 | .0B0 [ ,089 | J22k] 172 -, -.030
1.020 269 | Tk | J1g2 | .230 | 132 L1238 J1%2 | L29% | L08T | JO9T | J121) J1T9 [ ~.205| -.033
1.042 A8 | ,188 | ,206 | .okh | 163 | 168 [ .18 | .22k | 138 125 | .1bB| .20k | -.166 L0112
1.061 J62 | 681 J186 | .223 | 260 | L2164 | 178 ) L2189 | LJ1kL | J332 | 168 .22 ] -.280f -.011
1,100 JA57 | J163 1 162 | .22 | L1521 156 L169 | L2089 | Jlh2 ) 5L | J167§ .221 ) -AT9| -.015
1.202 A3b | W139 | 38 19k ] 133 | J139 | A2 | L2190 133 | bk | 162 27| -85 -.02k
1.ho1 120 | 225 | L1h3 } L2178 (118 J12k § L2138 | LITT| 123 (32 | L1%R) 209 ) -.16% | -.029

®gee figure 1 for location.
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= 15.15
- & 59'
- — - 1 - - -
[— X
. 1-550——] 11347 Diam.
Table of orifice locations
Orifice No. il 6 589 12 1043
i 082 7 688 13 1,094
2 .183 8 790 14 1195
3 .285 9 891 15 1.398
4 385 i0 942 16 * 385
5 486 Tl 994 7* 688
Circular cone - cylinder model
15.i5 *} 4
t
—e———— ¥ — -
t 330
~——— 1550 550 E1347 Diam.
[
jp———— X ,"
l[l
! l
- i y [|:
_ :IL ¥ _ [ _ _ -
m il
il H o
t 3
1 s
l”
il
|
I
Table of orifice locations
Orifice No.] */L | ¥mx il 1.00 0 22 70 [ .667
1 10 0 i2 1.05 0 23 70 | 889
2 20 o 13 1.10 0 24 90 | 222
3 30 0 14 1.20 0 25 S0 | 444
4 40 0 15 140 o 26 90 | 667
5 50 0 16 40 | 222 27 90 | 889
6 60 0 17 40 | 444 28 90 [1.000
7 70 0 18 40 | 667 30%* 70 0
8 80 0 19 40 | 889
9 90 0 20 70 | 222
10 95 0 21 70 | 444
* QOpposite surface
. Elliptic cone-cylinder model

FPigure 1.~ Geometric details of models; dimensions in inches.
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(b) Elliptic cone-cylinder model.

Figure 2.- Photographs of models in the Ames 2~ by 2

~foot transonic
wind tunnel.
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Figure 3.~ Pressure distribution on circular cone-cylinder and along center
line of elliptic cone-cylinder at a Mach number of 1 and at 0° angle of
attack,

29




36 NACA TN 4233

.32

24

20 '

16

Equivalence prediction, / l

Q. )

&) Exact boundary condition

- |2 - - _\ / ]

S Elliptic cone-cylinder data \ / I ﬂ
g : / ,

= X/ .

E 08 /l =04 ) o o . /1 I I
© ()=:_—-_..-——'-Oﬁ ~ —/___——-r_l_l?
: A LT
: . /

8 04 T ¥
a Equivalence predict or—i/

Planar approximation

o
\

\ =017 e [
. I W T e
T s i I = S i
0 /
P /
/
04 11 /]
X1 =09 e —
T ]
I S A
o) 10 20 30 40 50 60 70 80 90
- ain~t Y.
= Sin mx

Figure L.~ Pressure distribution in gpanwise direction on elliptic cone-
cylinder at a Mach number of 1 and at 0° angle of attack.
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Figure 5.~ Pressure coefficient at seversl locations on elliptic cone-
cylinder ss a function of Mach number at O° angle of attack.
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Figure 6.~ Pressure coefficient at several locations on elliptic cone-
cylinder as a function of angle of atback at a Mach number of 1.
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Figure T.- The rate of change of serodynamic loading with o« on elliptic
cone-cylinder at a Mach number of 1.
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Figure 8.~ The rate of change of aerodynamic loeding with o at several
locations on elliptic cone-cylinder as a function of Mach numbex .
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Figure 12.- Schlieren photographs of flow field sbout circular cone-cylinder in the two test
facilities at transonic Mach nunbers.
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